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PERSONALIZATION AND MASS-
CUSTOMIZATION IN THE
RESEARCH LITERATURE
Anne Sunikka
Helsinki School of Economics, Finland
anne.sunikka@hse.fi
Johanna Bragge
Helsinki School of Economics, Finland
Abstract. Personalization and mass-customization are defined in numerous ways in the
research literature. We combine a text-mining approach for profiling personalization and
mass-customization research with a literature review in order to distinguish the
characteristics of these two research streams. Research profiling with search words
personalization and mass-customization was conduted using the ISI Web of Science
database in April 2009. The elements typical to the personalization and mass-
customization research were identified. Personalization research has a strong focus on
technology and the internet, in addition to which it emphasizes customers’ needs and
preferences and information collection for user modeling and recommender systems.
Mass-customization is an older research stream, and the main body of the research has
focused on tangible products but has lately initiated service research as well. We
suggest a classification of concepts linked to personalization in order to avoid confusion
with the use of these concepts.
Keywords. Personalization, Mass-customization, Customization, Research Profiling,
Literature Review.
Introduction
Personalization is a concept that is intuitively appealing. The roots of
personalization are in the relationship marketing and management (Crosby et al.,
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1990; Dwyer et al., 1987). Just like a helpful sales clerk, the seller (or the
electronic customer interface), greets the customer by name, remembers what s/he
has purchased or browsed previously, and suggests products s/he might be
interested in the future. In the 21st century the wide-spread use of information and
communication technologies (ICT) has made personalization a more varied and
affordable strategy for implementing interactive relationships with customers. The
benefits of personalization are said to be many for both marketers and customers.
Individualized products, services and communication are believed to attract
customer attention and foster customer loyalty and lock-in (Ansari and Mela,
2003), and serve as a protection against the commoditization of the offering (Wind
and Rangaswamy 2001). According to Goldsmith and Freiden (2004)
personalization is one of the major changes that influence marketing, and
Kalyanam and McIntyre (2002) include personalization as a significant element in
the online marketing mix.
Another commonly used term for offerings designed for individual customers
(either consumers or companies) is customization. Especially when a
comparatively low price is emphasized (the same or almost the same as for a
standardized product), a term mass-customization is used. However, researchers
have not reached a commonly agreed conceptualization of personalization and
customization. According to some researchers, there is a difference between the
concepts (e.g. Arora et al., 2008; Gilmore and Pine 1997; Kumar, 2009;
Montgomery and Smith, 2009), whereas other researchers use the terms
interchangeably (e.g. Peppers and Rogers 1997; Miceli et al., 2007).
The motivation for this paper arose from the desire to understand
personalization and how it is defined and conceptualized in the literature. There
are also other terms whose main content is to offer the right products and services
at the right time and in the right place to the right customers. As mentioned, the
concepts of customization and mass-customization are commonly used
interchangeably with personalization. We examine personalization using two
approaches; traditional literature review and research profiling (see Porter et al.,
2002). We will first present definitions and conceptualizations of personalization
retrieved predominantly from the marketing and information systems literature. We
will then discuss the research profiling methodology, and present the results of the
electronic database searches that were conducted in April 2009 using the ISI Web
of Science (ISI-WoS) database. The results reveal the main similarities and
differences of the personalization and mass-customization literature. The final
section discusses the results and concludes the paper with a framework of the
contemporary usage of the concepts.
Personalization and mass-customization in the research literature             Sunikka and Bragge
Submitted to 5th World Conference on Mass Customization & Personalization MCPC2009 3
Definitions and frameworks of personalization
Definitions from the literature
Personalization goes by many names, for example, individualization (Riemer and
Totz 2001), segmentation (Smith, 1956), targeting, profiling, and one-to-one
marketing (Peppers and Rogers, 1997), as there is no agreed on definition on what
constitutes personalization (Wind and Rangaswamy, 2001). Smith (1956) defined
the original idea of tailoring the offering to better suit a certain customer group as
segmentation: “Market segmentation involves viewing a heterogeneous market as
a number of smaller homogeneous markets, in response to differing preferences,
attributable to the desires of consumers for more precise satisfaction of their
varying wants”. It is difficult to differentiate between market segmentation and a
personalized offering, or individual marketing as Simonson (2005) calls it.
According to him, many examples of one-to-one marketing could also be classified
as usage-based segmentation.
The other main concept in our study, mass-customization, was coined by Davis
(1987). Pine (1993) provided the practical underpinnings to shape mass-
customization into a viable strategy (Kumar, 2007). According to Hart (1996),
mass-customization is defined as ”using flexible processes and organizational
structures to produce varied and often individually customized products and
services at the price of standardized mass-produced alternatives”. Gilmore and
Pine (1997) used the term customization, and defined four basic types of
customization: adaptive, cosmetic, transparent, and collaborative customization.
According to them, collaborative customizers conduct a dialogue with individual
customers to help them articulate their needs, to identify the precise offering that
fulfills those needs, and to make customized products for them. Adaptive
customizers offer one standard, but customizable, product that is designed so that
users can alter it themselves.  Cosmetic customizers present a standard product
differently to diverse customers, and transparent customizers provide individual
customers with unique goods or services without letting them know explicitly that
those products and services have been customized for them. Customerization, a
term coined by Rangaswamy and Wind (2001), combines mass customization with
customized marketing, and aims at buyer centric marketing. Customerization is
under the control of customers and initiated by them, and it focuses on helping
customers to better identify or define for themselves what they want (Rangaswamy
and Wind, 2001). In Table 1, we have collected the definitions of personalization
and included also the definitions of customization or mass-customization, if
available in the same article.
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Author (s) Definition (s)
Peppers and
Rogers
(1997)
Personalization is customizing some feature of a product or
service so that the customer enjoys more convenience, lower cost
or some other benefit. Personalization can be initiated by the
customer or by the firm.
Riemer and
Totz (2001)
Personalization (or individualization which are used
synonymously) in general means matching one object’s nature
with one subject’s needs (i.e. customize products, services,
content, communications to the needs of single customers or
customer groups). Mass-customization is the individualization of
products (and services) at the cost of one-size fits all.
Blom and
Monk
(2003)
Personalization is a process that changes the functionality,
interface, information content, or distinctiveness of a system to
increase its personal relevance to the individual.
Chellappa
and Sin
(2006)
Personalization refers to the tailoring of products and purchase
experience to the tastes of individual consumers based upon their
personal and preference information. Therefore, personalization
is critically dependent on vendors’ ability to acquire and process
consumer information, and on consumers’ willingness to share
information and use personalization services.
Ho (2006) In customization, a web site provides an array of choices for the
users to modify a web site’s look and feel (i.e. is a user-driven
process). Relevant content based on the preferences of groups of
users is provided in adaptation (i.e. according to the country of
web users). Personalization is a process of providing relevant
content based on individual user preferences, and personalized
web sites obtain preference information implicitly by tracking
customer purchases or usage habits.
Tam and Ho
(2006)
There are three types of personalization: user-driven
personalization when the user specifies in advance the desired
web layout and content that matches her interests and
preferences with the tools and options provided. In transaction-
driven personalization online merchant generate the personalized
layout and content, and thus personalization is driven by previous
transactions. Context-driven personalization employs an adaptive
mechanism to personalize content and layout for each individual
user based on the context and inference of users’ processing
objectives in real time (e.g. product inspection versus random
browsing).
Arora et al.
(2008)
Personalization is a firm’s decision on the marketing mix suitable
for the individual that is based on previously collected customer
data. Customization, on the other hand, occurs when a customer
proactively specifies one or more elements of her / his marketing
mix.
Kumar
(2007)
Personalization is a limiting case of mass customization. Mass
customization aims at a market segment of few, whereas mass
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personalization aims at a market segment of one. The degree of
transformation from mass customization to mass personalization
depends on the extent to which the product of a company is soft
and produced electronically.
Frias-
Martinez et
al. (2009)
There are two major approaches to personalization: adaptability
that enables users to adapt the content layout and navigation
support to their preferences by themselves, while adaptivity
makes an automatic adaptation for users
Montgomery
and Smith
(2009)
Personalization is the adaptation of products and services by the
producer for the consumer using information that has been
inferred from the consumer’s behavior or transactions.
Personalization is automated by the marketer on behalf of the
customer as opposed to customization that a customer requests
on her own behalf.
Table 1: Definitions of personalization and attached concepts (in chronological
order).
As can be inferred from Table 1, the conceptualizations of personalization diverge.
The most recent conceptualizations make a distinction between personalization as
a seller initiated activity, and customization as a customer initiated activity.
Personalization processes and frameworks for personalization
According to Peppers and Rogers (1997), one-to-one marketing is personalized
marketing based on the idea of an enterprise knowing its customers and treating
customers differently. The authors conceptualize personalization as a four phase
process: i) identifying potential customer; ii) determining their needs and their
lifetime value to the company; iii) interacting with customers in order to learn
about them; and iv) customizing products, services and communications to
individual customers
Personalization as a process has been studied also by Adomavicius and Tuzhilin
(2005). They see personalization as an iterative process that consists of i)
understanding the customer (with sub processes data collection and building
consumer profiles); ii) delivering the personalized offering (sub processes
matchmaking and delivery and presentation), and iii) measuring the impact of
personalization (sub processes measuring the impact and adjusting personalization
strategy). Vesanen and Raulas (2007) developed the process model further and
propose that personalization is a broad concept that encompasses execution,
marketing outputs in the form of products and services, promotion and
communication, price and delivery, and the creation of value for both customers
and marketers.
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Miceli et al. (2007) presented a conceptual framework for e-customer profiling
that aims at supporting personalization decisions along a continuum ranging from
common product versioning to complex reverse marketing (see Table 2).
Personalization
approaches
Product variety Interactional
flexibility
Product designer
Product
versioning
low low FIRM
Mass
customization
high low FIRM/CUSTOMER
(at the late stage)
One-to-one
personalization
low high FIRM/CUSTOMER
Customerization/
co-creation
high high FIRM/CUSTOMER
(at the early stage)
Reverse
marketing
high high CUSTOMER
Table 2: Personalization continuum (Miceli et al. 2007, p. 9).
The personalization framework of Miceli et al. (2007) combines multiple
dimensions that capture the customer heterogeneity. They characterize
personalization by four dimensions: value, knowledge, orientation and relationship
quality. Value refers to customer expectations for both content and site-specific
features, while the knowledge dimension pertains to the customer’s expertise and
familiarity with the internet and web-based interaction tools. Orientation is about
the customer’s mindset during the navigation experience, and relationship quality
depicts the strength of the customer’s relationship with the firm. The analytical
framework of Miceli et al. (2007) aims to prescribe the ideal personalization
process by first clustering the customers based on these four dimensions, and then
suggesting the most appropriate form of personalization for each cluster.
According to the personalization framework presented by Fan and Poole
(2006), personalization can be conducted either by the system (implicit), or by the
user (explicit) (see Table 3). The object of personalization can be the content, user
interface, functionality or channel. Furthermore, the framework makes a distinction
whether personalization is directed to individuals (individuated) or to groups of
individuals (categorized), which is important as personalization targeted to an
individual requires more computing power.
What?Who
does it?
To whom?
Content User
interface
Functio-
nality
Channel/
Info Access
IndividuatedImplicit
(System) Categorized
IndividuatedExplicit
(User) Categorized
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Table 3: Implementation possibilities in personalization, based on Fan and Poole
(2006, pp. 187 - 188).
The object of personalization can also be any part of the marketing mix:
product, promotion, placement or price (Arora et al, 2008; Vesanen and Raulas
2006). In addition, customer communication can be personalized in several ways:
according to frequency, timing, or by designing websites, newsletters or e-mails
with various types of greeting, or using pictures and videos.
Comparison of personalization and mass-
customization literature with research profiling
Methodology of research profiling
Literature reviews are an essential part of any scientific research. They can be done
in different scales: from one section to whole state-of-the-art review articles. Their
purpose is to justify the research questions and to present relevant earlier research
on the subject. The search process for relevant literature is iterative as in each
search one learns more about the topic under investigation. Porter et al. (2002)
propose enhancing the traditional literature review through an extensive research
profiling approach, as “this broad scan of contextual literature can extend the
span of science by better linking efforts across research domains. Topical
relationships, research trends, and complementary capabilities can be
discovered, thereby facilitating research projects.” Research profiling is made
possible through sophisticated text-mining tools combined with modern search
engines and electronic science databases. Besides offering advanced reporting
functions, these text-mining tools allow the researcher to interact with the
literature data in unprecedented ways. Thus, the tools can be regarded as Decision
Support Systems for researchers (Bragge et al., 2007). Table 4 summarizes the key
differences between traditional literature reviews and research profiling. The
largest difference is based on the amount of literature included, and, consequently,
on the type and scope of discussion it allows.
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Traditional literature reviews Research profiling
Micro focus (paper-by paper) Macro focus (patterns in the literature
as a body)
Narrow range (~20 references) Wide range (~20 – 20.000 references)
Tightly restricted to the topic Encompassing the topic + related areas
Text discussion Text, numerical, and graphical depiction
Table 4: Traditional literature reviews and research profiling (Porter et al., 2002,
pp. 353).
Results of research profiling
We conducted research profiling on personalization and mass-customization
employing one of the most well-known scientific databases, the ISI Web of
Science (ISI-WoS). We chose ISI-WoS because of its wide coverage on
information systems and computer science journals. The searches on
personalization and mass-customization articles were conducted in April, 2009 and
they resulted in 883 (personalization) and 1544 (mass-customization) articles for
the time period 1986 - 2009. The data (including bibliographic details and
abstracts, not full-texts) was imported to a text-mining tool called the
VantagePoint. After that the data had to be cleaned to improve the validity of the
results. Only journal articles were included in our analysis since conference papers
are less structured; they often lack keywords or abstracts. After the clean-up we
started the actual analysis of the data.
The yearly divisions of articles returned with the personalization and mass-
customization literature searches are presented in Figure 1. Articles from years
1986 – 1994 and 2009 are not included the figure. The figure shows that research
has increased constantly, totaling 140 articles (personalization) and 211 articles
(mass-customization) in 2008.
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Figure 1: Articles with the search words “Personalization” and “Mass-
customization” in 1995 – 2008.
Table 5 lists the most prolific authors of personalization and mass-
customization, and the number of articles they have written. The research activity
of the top researchers amounted to approximately 3 % of all the articles published.
There were no common authors in the top author lists.
PERSONALIZATION MASS-CUSTOMIZATION
# Authors # Authors
10 Jiao, Jianxin (Roger)
7 Huang, George Q.
6 Li, Li
7
Fernandez-Vilas, Ana
Frias-Martinez, Enrique
Garcia-Duque, Jorge
Pazos-Arias, Jose J. 5
Kumar, Ashok
Salvador, Fabrizio
Tu, Y. L
Xue, Deyi
Yunchu, Yang
Zhang, Yiyang
6
Chen, Sherry Y.
Diaz-Redondo, Rebeca P.
Gil-Solla, Alberto
Liu, Xiaohui
Lopez-Nores, Martin
Ramos-Cabrer, Manuel
Smyth, Barry
Tuzhilin, Alexander
4 Kusiak, Andrew
Simpson, Timothy W
Table 5: The most prolific authors of personalization and mass-customization
research.
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Appendix 1 depicts an auto-correlation map of the top-50 personalization
researchers. The lines in the auto-correlation maps reflect a measure of similarity
(number of articles authored together) between the author nodes, which is a
number between 0 and 1 as indicated in the legend (Pearson’s r correlation). The
most common author defined keywords are attached to the map afterwards to
build a picture of who is studying what under personalization. The densest
researcher network with Fernandez-Vilas et al. have examined digital TV and
learning, Frias-Martinez et al. have studied digital libraries and cognitive styles.
Briggs has focused on trust and advice in the online context, Smyth has studied
web search, Tam and Ho web personalization and efficiency, Rust service, and
Kumar mass-customization, especially the tendency to combine personalization
and mass-customization research. Appendix 2 depicts a corresponding auto-
correlation map of the mass-customization research. The most productive mass-
customization author, Jiao, has focuses on product portfolio and product family.
Tseng has studied flexibility and customer views, Wang and Chen have
concentrated on examining customer requirements, and Chang and Chen have
focused on customer satisfaction online (see Appendix 2 for details).
Table 6 depicts the author affiliations with the highest number of
personalization and mass-customization articles. The total number of affiliations
whose representatives examine personalization is 771, and 1408 for mass-
customization. The top affiliations represent ca. 8 % of the personalization and 12
% of the mass-customization research activity. Three affiliations appear in both top
lists: Georgia Institute of Technology, Hong Kong University of Science &
Technology and University of Michigan (marked in italics).
PERSONALIZATION MASS-CUSTOMIZATION
# Affiliation # Affiliation
10 Brunel Univ Middlesex, UK 38 Nanyang Technological Univ,Singapore
22
Hong Kong Univ of Science &
Technology, Hong Kong, China
National Univ of Singapore,
Singapore
9
NYU, New York, NY USA
Univ of Minnesota, Minneapolis,
USA
Univ of Toronto, Toronto ON,
Canada 19 Stanford Univ, Stanford, USA
17
Georgia Institute of
Technology, Atlanta, USA
Penn State Univ, USA
16 MIT, Cambridge, USA
15 Univ in Carolina, Chapel Hill,
USA7
Georgia Institute of Technology,
Atlanta, USA
Hong Kong Univ. of Science &
Technology, Hong Kong, China
Univ of Melbourne, Australia
Univ of Michigan, Ann Arbor,
USA
Univ of Turin, Italy
Univ of Washington, Seattle,
USA
14
Shanghai Jiao Tong Univ,
Shangai, China
Univ Calgary, Calgary, Canada
Univ Maryland, College Pk,
USA.
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Univ. of Michigan, Ann Arbor,
US
Table 6: The top affiliations of personalization and mass-customization research.
Both personalization and mass-customization research are published in a large
variety of journals. Table 7 lists the top journals based on the frequency of
published articles. There are 457 journals that have published 883 articles on
personalization, and the top journals represent 18 % of the total number of
personalization articles. With mass-customization the number of journals is 664,
the number of articles 1544, and the top journals represent 17 % of the articles.
Expert Systems with Applications journal appears in both top lists (marked in
italics). The focus of the personalization research on computing; and mass-
customization’s interest in manufacturing are evident in the journal lists.
PERSONALIZATION MASS-CUSTOMIZATION
# Journal # Journal
36 Expert Systems with Applications 49 International Journal ofProduction  Research
21 User Modeling and User-Adapted Interaction 28
International Journal of
Advanced Manufacturing
Technology
15
Communications of the ACM
(Association for Computing
Machinery)
24 Production  Planning & Control
23 Computers in IndustryConcurrent Engineering –
Research and  Applications12
Computers in Human Behavior
Interacting with Computers
Multimedia Tools and
Applications 21 IEEE Transactions onEngineering Management
20
International Journal of
Production Economics
Journal of Intelligent
Manufacturing10
Decision Support System
IEEE Transactions on Consumer
Electronics
Wirtschaftsinformatik 19
International Journal of
Operations & Production
Management
9
IEEE Transactions of
Knowledge and Data
Engineering
18
International Journal of
Computer Integrated
Manufacturing
8 Educational Technology &Society 17
Expert Systems with
Applications
Table 7: The top journals of personalization and mass-customization research.
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ISI-WoS categorizes each journal into 1-6 subject categories. Computer science
literature dominates the personalization research (48 %) while it is the second
largest subject area in mass-customization (34 %) after engineering (40 % of the
articles).
Keywords offer an indication of what is being studied within the personalization
and mass-customization research streams. An analysis of the keywords defined by
the authors (see Table 8) reveals that personalization research in conducted mainly
in the online environment. Personalization research focuses predominantly on
personalization technologies as the keywords like recommender system, user
model, collaborative filter, data and web usage mining and user profile indicate.
Because personalization depends on the gathering and usage of user information,
privacy issues are a major concern. Mass-customization keywords, on the other
hand, refer more to tangible products (e.g., product family, supply chain
management, platform product, modularity, product configurator, product
development). There are four keywords that recur in both top lists:
personalization, electronic commerce, customization and internet (marked in
italics). During the past four years service has emerged as a top keyword in mass-
customization research indicating the widening of the research interest.
PERSONALIZATION MASS-CUSTOMIZATION
# Keywords (authors’) # Keywords (authors’)
248 personalization 188 mass customization
41 recommender system 122 customization
38 user model 33 product family
35 electronic commerce 32 supply chain management
32 collaboration filter 30 electronic commerce
18 data mining 23 platform product
17 web usage mining
15 user profile 18
genetic algorithm
modularity
product configurator13 customizationontology
16 personalization
product development
12
adaptive
information retrieval
privacy 14
flexibility
postponement
service11 clusteringcontext aware
10 internetmachine learning
13
case study
design
internet
Table 8: The top keywords defined by authors.
In summary, personalization and mass-customization research are still clearly
distinguishable research streams, even though mass-customization research has
approached personalization research due to increased utilization of ICT. However,
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there is only one author, Kumar, that appears in both personalization and mass-
customization top-50 lists (see Appendices 1 and 2). Three affiliations (Georgia
Institute of Technology, Hong Kong University of Science & Technology and
University of Michigan) are represented in both top lists. Even though the subject
areas of journals publishing personalization and mass-customization research are
very similar, only one journal, Expert Systems with Application, recurs on both top
lists.
Snapshot of the current personalization research
Although research profiling, especially the keyword analysis, reveals the trends in
the research streams, we wanted to examine in more detail what are the main focus
areas of the recent personalization research. In order to understand the
personalization research better we took a sample of the 2008 and 2009 articles to
examine the main focus and methodologies used in the articles. We read either
abstracts or full papers in order to discover the contexts in which the phenomenon
was studied (if mentioned), and the research methodologies. The main
classification was made between conceptual (e.g. literature reviews, model
development without testing) and empirical papers. Empirical papers include
qualitative, quantitative, and experimental papers. Experimental papers are papers
whose main focus is on developing an algorithm, a prototype or a system that is
tested, experimented or simulated in order to determine how successful the new
solutions are.
The 2008 and 2009 data were further cleaned. Since we were mainly interested
in personalization research that has a linkage to business and management
domains, we omitted articles from other domains (e.g. health science) or general
papers that did not specifically focus on personalization. Also purely technology-
oriented articles were omitted from the dataset. Table 9 depicts the classification
of the articles.
No of articles 192
No of omitted
articles
51 (irrelevant domain)
40 (technology-orientation)
No of remaining
articles in the dataset
101
Conceptual papers 11 (pure conceptual)
10 (conceptual with experiments or qualitative or
quantitative methods)
Empirical papers 80
Table 9: Classification of the 2008 and 2009 personalization articles.
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Most of the personalization papers are empirical; case studies, experiments and
simulations being the most common methods used. Only 11 papers were identified
as purely conceptual papers (e.g. Oulasvirta and Blom, 2007). The most common
research contexts were learning (17 articles, e.g. Gaeta et al., 2009, Rey-López et
al., 2008), mobile applications (9 articles, e.g. Xu et al., 2008), e-commerce (6
articles, e.g. Lee and Kwon, 2008) and marketing (5 articles, e.g. Arora et al.,
2008; White et al., 2008). Nine articles examined web search or information
retrieval (e.g. Stamou and Ntoulas, 2009; Xue et al., 2009). Xue et al. (2009)
aimed at finding a solution to cold-start and sparse information problems by
developing a model called collaborative personalized search. It considers group
user profiles, global user profiles (all users) and specialties of individuals in the
model. Most of the personalization papers focused on developing an algorithm or
prototype to enhance the personalization experience for the user, or profit
potential for the service provider. Especially recommender systems were a
recurrent topic of research. Chen et al. (2008) studied recommender systems that
also take into account the profitability aspect, Zanker and Jessenitsching (2009)
concluded that explicit customer requirements are a useful source or feedback,
especially for new users. Berkovsky et al. (2008) focused on mediation of user
models, that is, process of importing and integrating the user modeling data
collected by other recommender systems.
Discussion and conclusion
Both personalization and mass-customization research are on the rise, and several
disciplines study these topics. Since the research interest is comparatively recent,
the definitions are still unfolding. For some researchers, the difference between
personalization and customization is not important, whereas some researchers
emphasize the difference.
Among those researchers who define personalization and customization as
separate concepts, the consensus seems to be that the term personalization is used
in three instances; i) it is a company-driven process; ii) it is used when marketing
related concepts, especially personalized communication, is studied; and iii) it is
the term used in the internet environment. Customization is perceived as an
activity controlled by users, for example, configuring the content of a website,
whereas mass-customization focuses mainly on tailor-making of products
emphasizing affordable price of mass-customized products. Lately, however, mass-
customization research has also started to investigate services. We speculate that
the importance of services for the GDP of the developed nations and the emphasis
on services also in the traditional goods manufacturing companies have
contributed to the change. Furthermore, the dissemination of ideas of the service-
dominant logic (Vargo and Lusch, 2004) has underlined the importance of service:
service is seen as the common denominator in exchange, not some special form of
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exchange —  what goods are not. Central to service-dominant logic is co-creation
that consists of customer's active involvement and interaction with their supplier in
every aspect, from product design to product consumption. In addition, a new
multi-disciplinary service science explores various aspects of service design and
management (Spohrer et al., 2006; Vargo et al., 2008). Faced with so many
initiatives it is not surprising that also mass-customization research stream has also
turned to studying services.
Based on our literature analysis we suggest a preliminary framework of the
current concepts in personalization, customization and mass-customization
research in Table 9.
PERSONALIZATION
Intangibles (web-context, service) Tangibles (products)
Individual Group Individual and group
System
initiated
One-to-one
personalization
Mass
personalization
User
initiated
Web
customization
Co-creation
customization
Mass-customization
Table 9: Framework for personalization, customization and mass-customization
research.
Most of the concepts in the framework originate from previous research
although different terms have been used to describe the same concept. One-to-one
personalization is personalization initiated by a system (also expressed as implicit
or transaction-driven personalization or adaptibity). The possibility to personalize
the offering to more than one recipient has been depicted as a personalization
continuum in the previous research literature. The end-points of the continuum are
one person versus several people; here personalization directed to several people is
called mass-personalization. Customer-initiated personalization for configuring
web sites is typically called web customization (also explicit personalization or
adaptability). A new concept, co-creation customization, refers to a situation
where consumers collectively personalize a website or a service to fit their
common goals and preferences. The software applications of web 2.0 have made,
for example, the use of folksonomy (user-generated taxonomy) popular (Mathes,
2004). Folksonomies make collective classification of information possible by
allowing users to socially bookmark and tag stories, pictures and videos (Mathes,
2004), and thereby could also be used for personalization in a group level. For
example, Xue et al. (2009) have examined a new approach, collaborative
personalized search. The typical mass-customization research is still dominated by
studies on tangible products, and it emphasizes affordability.
The validity of the above framework could, however, be impugned on two
grounds. At first, information gathering on customers’ preferences, needs and
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previous behavior usually combines both customer and company initiatives, thus
the division to personalization and customization based on who takes the initiative
does not always seem sensible. In addition, mass-customization research that has
traditionally focused on tangible products has started to move into the service
domain making the distinction between research into tangibles and non-tangibles
less relevant. We suggest that personalization is used as the higher level construct
since it is more open and it encompass several different forms of matching of
individual preferences and offerings (Poulin et al., 2006). We see mass-
customization as a more limited concept and a special case of personalization.
This paper aimed at increasing understanding of how personalization is
perceived by scholars. The multiplicity of definitions and terms may actually harm
the development of the field and thus a unified framework would be helpful. It
would also be beneficial for the practitioners if the concepts were more lucid and
understandable.
This research has the following limitations. The ISI Web of Science is regarded
as a high-quality electronic database, and it is very representative regarding
technical and technological journals. However, several business journals (e.g.
advertising or communication journals) are not included in the electronic database
biasing the search results toward the technical point of view of personalization and
mass-customization research streams.
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Abstract. Even though it is an attractive strategy, Mass customization (MC) is not feasible in
all environments, and when it is, it presents many challenges to be dealt with. Therefore, an
extensive study on how to implement MC is needed before the actual implementation. In this
article a literature review is done to define how MC can be efficiently implemented and
evaluated. Starting by defining the level of customization, then adapting the entire company
to the desired MC strategy to finally evaluate it. Also it presents DOROTHY which is a
European project that aims to design tools and methods for implementing MC in the footwear
industry.
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Introduction
Even though it is an attractive strategy, Mass customization (MC) is not feasible in all
environments, and when it is it presents many challenges to be dealt with (Aigbedo,
2007 and Helms et al., 2008). The main two challenges to mass customization are
time and cost (Eastwood, 1996).  Many issues need to be studied before
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implementing MC, first of all the product should be customizable, secondly the
customers should demand customization, and thirdly the company’s value chain and
supply chain should be ready for MC. Moreover the needed technology should be
available, and the knowledge should be well shared among all partners of the supply
chain (Silveira et al., 2001). Thus before implementing MC, the company should do
an extensive analysis on whether it is advantageous and profitable to apply MC, on
the cost of implementing it, on the best way to implement it, and finally on its
readiness for such a strategy. Before considering the MC implementation problem,
understanding the differences between mass production (MP) and mass customization
is a most. In table 1, a summary of the main differences between MP and MC are
presented.
Table 1.comparision between Mass Production and Mass Customization adopted from Pine 1993 and
from Chopra and Meindel 2007
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In this paper we discuss the passage from MP to MC, and how MC can be
implemented. We believe there are three main steps to implement MC, determining
the desired level of MC and the best customization strategy, studying the change
induced on the whole company by such strategy and its cost, then evaluating such a
strategy. Therefore we classified the literature reviewed under the following three
main questions.
(1) How to determine the desired level of customization, and the best
customization strategy to be adapted
(2) What change should be done in the whole company and its supply chain to
enable such a strategy
(3) How to evaluate this strategy
Then we present DOROTHY which is a European project aiming at successfully
implementing MC in the footwear industry.
Determining the level or type of MC
One of the main decisions to be made is the level of offered customization or more
precisely the point of customer involvement in the value chain. Will the customer co-
design the product?  Or would he simply add some features to it, or choose among
suggested options?  The level of customization determines the internal complexity to
be dealt with. Thus two questions need to be tackled, what is the level of
customization and the degree of variety offered to the customer. It stands necessary to
separate between mass customization and  pure customization because some
compromise, limitations, and constraints are unavoidable if mass characteristics (
responsiveness, efficiency, high through put with high quality) are to be attained and
if high prices are to be avoided (McCarthy et al 2002). Mass customizers can be
classified based on two characteristics: the point in the production cycle of customer
involvement and the type of product modularity (Duray et al., 2000).
The literature presents many classifications for mass customizers, and for
customization approaches. These are summarized in table 2, but there remain a need
to develop one classification scheme that takes into consideration all the factors used
by the different researchers to develop these classifications or levels of MC. As
shown in table 2 one suggested level of a classification might be equivalent to 3 of
another. A consolidation work was done by Da Silveira et al. (2001) who combined
all the previous classifications into 8 generic MC levels. A review and comparison of
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classification schemes relevant to MC was conducted by MacCarthy et al.(2003),
who showed that all these classification schemes under-emphasis two factors, the first
being  temporal relationships between activities, and the second whether the
technological  resources used in order fulfillment are fixed or modifiable. They also
concluded that these schemes omit the factor of whether an enterprise customizes a
product on a once-only or call-off basis. Based on this analysis they presented five
mass customization modes based on linking on the previously discussed factors.
There exists two ways of deciding on the level of customization or customization
strategy, the first one is by simply deciding on the wanted level of customization and
then do all the necessary studies and planning to check if it is applicable. This needs a
cooperation between the marketing department, sales department, production and
design departments to decide on the best fitting type of customization for the
company. The second one is by analyzing the cost of induced change and the
applicability of MC to get the optimal level of offered customization. Falling under
the second way, JI Jian-hua,  Qi Li-li, and GU Qiao-lun (2007) built a CODP
positioning model with the delivery lead time constraints and capacity constraints,
aiming at the minimization of the total cost, according to the characteristics of the
process industry. They define a CODP as “the breaking point between productions
for stock based on forecast and customization that respond to customer demand. It is
also the breaking point between made-to0stock (MTS) and made-to-order (MTO),
namely, activities before CODP are driven by forecast while activities after CODP
are driven by real customer order demand”. For choosing CODP in the process
industry many considerations need to be addressed, among them are the production
technology cost, the customer service level, the production utilization rate, the setup
time, and the requirements of work in process for storage conditions and time.
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Table 2. MC classification scheme
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How to implement Mass Customization
The implementation of mass customization is a sequential progressive process
(Selladurai 2004; Peters and Saidin, 2000; Pine II, 1992). Selladurai (2004) describes
the sequential steps in order to achieve MC. The literature includes many studies on
how to implement mass customization and whether it should be implemented or not,
after all the implementation and practice of a new innovation are essential, not the
innovation itself. Figure one summarizes the enablers of mass customization.
Figure 1. Enablers of MC Da Silveira et al. 2001, Duray 2006, Selladurai  2004, and Pine  1993.
1. Product Design:
Trying to implement customization without a much rationalized product line and a
family architecture/platform of products might be risky for the manufacturing firm.
This will lead to design proliferation and will turn the system chaotic. “Customization
cannot be successful unless, products are designed for customization” ( Krishnapillai
and Zeid, 2006).
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1.1 Level of products variety
The company must optimize external variety versus internal complexity resulting
from product differentiation (Jiao and Tseng, 2004).  The cost of variety even when
assumed optimal from the customer’s point of view should remain constant.
Moreover, the benefits of adding another option drops rapidly even when products
are assumed to be offered optimally from the customer’s point of view. Also when
customers are confronted with information overload, they tend to use simple
heuristics, which usually are not optimal (Lehmann, 1998). Therefore variety should
be minimized but not at the expense of customers’ satisfaction.
1.2 Product family design
Many definitions based on different point of views such as the marketing and sales
view and the engineering view have been attributed to product family. We adopt the
definition proposed by Meyer and Lehnerd (1997) stating that a product family is a
group of similar products that are derived from a common platform but that have each
specific features/ functionality in order to satisfy particular customer requirements.
An essential problem when designing a product family is its positioning, meaning
deciding the right product variety to be offered to the right market segment (Jiao and
Simpson, 2007). A state of the art on product family positioning and product family
design is presented by Jiao, Simpson, and Siddique (2007).
1.3 Product platform
The use of product platforms has been widely considered as a success factor in
achieving mass customization by the literature. Some of the advantages obtained
when using this strategy are increased speed in product customization, reduction of
product development costs, increased product reliability, and enhanced business
strategy flexibility (Meyer and Lehnerd, 1997)…   Many definitions have been
presented for a product platform; we adopt the one by Robertson and Ulrich,
(Robertson and Ulrich, 1998) that defines it as the collection of assets like
components, processes, knowledge, people and relationships that are shared by a set
of products. Commonality, modularity, scalability and postponement are the four
basic platform strategies (Huang, Simpson, and Pine II, 2005). From a product
platform variant products can be derived and then form a product family. The product
architecture in every family defined as how the functional elements are arranged,
mapped to physical components, and how these physical components interact via
specified interfaces, determines the power of a platform (Huang, Simpson, and Pine
II, 2005).
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For successful applications, four basic platform strategies manifest themselves. These
are commonality, modularity, scalability and postponement. In the commonality
strategy, components are standardized and next shared as much as possible. Through
modularity, at first standardized modular options are selected, then they are
configured into different end products based on specific market and business needs
(Huang, Simpson, and Pine II, 2005).  Nevertheless it has been found that, fully
modularizing a product is not always possible due to its design requirements. Also, an
undesired increase in production cost will occur when trying a modular architecture
beyond an optimum range (Krishnapillai and Zeid, 2006). The postponement strategy
allows and enables variation as late as possible in the manufacturing system. Last,
scalability is about sorting product parameters that are changeable (Huang, Simpson,
and Pine II, 2005).
 Moreover knowing the products can and will eventually expand and also change, the
platform should be capable of being efficiently and effectively leveraged to support
product expansions (Seepersad , Mistree and Allen, 2005). An extensive state of the
art on product platform design is offered by Jiao and Simpson (2007).
1.4 Conclusion
After deciding on the level of customization, the company should decide on the level
of variety it offers to its customers, and should design its product family, and product
platform. The literature presents many works done in these fields. Some of them are
summarized in figure 2 below.
Figure 2. Design and MC literature review.
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2. Customer interaction tools: determining and transferring customers
orders
Collaboration with the customer is a necessity for mass customization ( Gunasegaram
and Ngai, 2009). Thus a customer interaction tool such an MC information system
(MCIS) should be developed, and depending on the level of customization a choice
menu or a decision support system might be needed. This tool should be user friendly
and must be able to guide customers to ideal solutions ( Cross, Seidel R., Seidel M.,
and Shahbazpour, 2009).
2.1 E-business
As stated earlier, one of the main mass customization requirements is knowing what
the customers want. Therefore Customers’ preferences and feedback as their
electronic interaction are essential information to be captured, and e-commerce plays
an important role in achieving this task (Jiao and Tseng, 2003). E-commerce
incorporates business-to-customer (B-to-C), business-to-business (B-to-B), and
internal business interactions through intranet (Hogue, 2000). (B-to-C) e-commerce
allows the buying and selling of products and services online, while the (B-to-B) e-
commerce allows the efficient exchange between manufacturers and their suppliers,
but alone it isn’t enough for total supply chain integration. Therefore an agent based
technology is needed also (Jiao and Tseng, 2003).  The internet being a convenient,
affordable infrastructure that isn’t limited by time and distance is being the center of
companies’ technological and business infrastructure (Jiao and Tseng, 2003).
2.2 Design of the information system
Frutos and Borenstein (2004) proposed a framework for developing MC information
systems by integrating between internet-based and Object-Oriented technologies.
They explain that the information system should register project changes, assess
manageability of changes, compute the price of the customized product, record the
information in production program and design documentation, and screen real info
about production program. They also emphasize on the importance of cost estimation.
On the other hand Silveira et al. (2001) states that the information system roles are
defining a catalogue of options to be offered to customers, collecting and storing
information on customer choices, transferring data from retail to manufacturer, and
finally translating customer choices into product design features and manufacturing
instructions. Ruohonen et al. (2006) suggested that certain mass customization
strategies need certain information systems to support them, and they emphasis on the
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fact that the integration of the information system within the entire supply chain plays
an essential role in the successful implementation of mass customization.
2.3 Design of the choice menu
Customers don’t always know what they really need, and when they do, their
insufficient knowledge about the product itself might lead them to pick the product
that doesn’t really satisfy their needs. Thus they need to be assisted and supported
when identifying their needs and then making their customization decisions (Grenci
and Watts, 2007). These functions are assured by a well developed choice menu
which ranges from a simple menu to an advanced system allowing comparison of
choices and cost computation ( Oliva, 2002). The choice menu design is based at first
on the level of customization. But even at the highest level of mass customization
when the customer is co-designing his product, the choice menu should not include a
large number of options for it will lead to customer’s confusion. For better designing
choice menus, understanding the customer buying behavior is a must (Nogushi,
2008). His decision can be based on choosing the lowest price product, or the lowest
risk product. The choice menu is restricted by the manufacturabily capabilities of the
company and it will allow the customer to determine his needs, create different
alternatives satisfying those needs, and evaluate the different developed alternatives
(Nogushi, 2008). Also the choice menu should allow a 3D visualization of the
product (Sievaanen and peltonen, 2006; Cross, Seidel R., Seide M. and Shahbazpour,
2009).
2.4 Product configuration
After identifying customer’s requirements, these should be communicated to the
production department. This communication is best achieved by software named a
configurator (Strom and Axworthy, 2000). The benefits of using a product
configuration system (PCS) are shorter lead times, reduction of needed resources to
produce specifications and fewer errors in specifications . Configurators include a
front-end system consisting of a core configuration system collecting customer
requirements and a feedback component displaying the made choices this front-end
system facilitates the co-design process between the customer and the company.
Also, the configurator include a back-end system that from these choices generates
material list, work orders, and all engineering plans that are to be sent to the relevant
manufacturing departments (Frank and Piller, 2003).
2.5 Conclusion
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Efficiently communicating with the customer remains one of the most important and
critical factors for implementing mass customization. Understanding what the
customer needs and translating his requirements to production language, then
delivering exactly what he ordered are what mass customization is all about. Many
research have been done on the tools for interacting with the customer in a MC
environment. Figure 3 represents some of these research results.
Figure 3. Customer interaction tools literature review.
3. Production planning
3.1 Process platform and manufacturing system design
Jiao et al. 2006 argue that process platform planning is as necessary as product
platform planning, since the customization of a product leads to exponentially
increased variation in the production systems from machines, tools, labors, etc. In
addition the major costs are endured during the production phase, and the quality and
lead time of a product are determined at the production phase. Therefore it remains
necessary to manage process variety as shown by Jiao et al. (2000) who explain that
external variety versus internal complexity caused by product differentiation should
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be optimized by the company. Thus companies are interested in controlling the
internal variety by managing process variety. A detailed state of the art regarding the
many research done on designing process platforms is presented by (Jianxin, Jiao,
and Simpson, 2007).
3.2 Other production planing issues
Many issues need to be tackeld in the planning phase. The first being facility
planning where decisions about the number and types of facilities, their location,
layout, and productivity are made. As an example, for an assembler type of mass
customizers investing in small warehouses to do the final assembly near the
customers might be efficient. In this article we did not go through the literature for
facility planning and MC therefore in figure 4 we present some of the recent work
done in process planning and manufacturing system planning.
Figure 4. Production planning for MC, literature review.
4. Fabrication
The delay of the lead-time and the increasing of the production cost caused by the
product variety cannot be afforded by an enterprise implementing a MC strategy .
Therefore it should adapt its production system to MC (Selludarai, 2004). The
production factory is considered as the heart of the business, thus all its operations
have to be planned in order to provide the product that answers the customer
requirements while minimizing the lead-time and production cost (Selludarai, 2004).
One of the MC requirements is rapid adjustment of production capability based on
customer demands hence rapid production-plan configuration and resource allocation
capabilities are a must (Qiao et al., 2006). Also, automating as many tasks as possible
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enhances MC implementation (Selludarai, 2004). Of the main production decisions to
be made in a MC strategy are production planning, scheduling, and inventory
(Gunasekaran and Ngai, 2009). The literature presents many methods and tools to
make such decisions but these are not covered in this paper. Moreover the adaptation
of the production system and all needed production decisions depend on the level and
type of the applied MC strategy. No major change will be induced if the
customization is made by a simple addition of an accessory, while major changes will
take place in a co-design or customer driven design system.
5. Supply chain management
Due to the evolution of digitalization, and emergence of globalization, and in order to
respond to the increased customers’ demand for differentiation, companies need to
cooperate with their suppliers and customers. All this caused the creation of new
organizations like the extended enterprise, virtual enterprise, and the supply chain
(Labarthe et al., 2007). Thus nowadays competition is not between companies
anymore but between supply chains (Partanen, Haapasalo, 2004). From here the need
to better model and manage supply chain is essential. A supply chain consists of all
parties involved, directly or indirectly in fulfilling a customer demand (SC book).
Three main approaches for supply chain modeling have been differentiated by the
literature. The first one is the organizational approach which relies on process
modeling based on system theories. The second one is analytical approach that is
relying on mathematical formalizations of the supply chain. And the third and final
one is simulation (Labarthe et al., 2006).   The first two approaches are limited, since
the first one doesn’t allow for assessment of the dynamic system through time when
confronted by stochastic environmental stimuli and the second is limited for taking
into account time (Labarthe et al., 2006). Whereas simulation for supply chain
modeling was based on system dynamics (Forrester, J.W., 1961).
5.1 Suppliers’ network
A fully integrated supply chain is a key factor in a company’s success. And decisions
about suppliers’ selection criteria, contract development, and procurement of
different resources such as materials, design and logistics are essential in developing
an integrated supply chain. The company should at first decide what to make and
what to outsource then it should set its suppliers selection criteria, decide on the
optimal number of suppliers and on the coordination level with its suppliers. The
level of coordination with suppliers increases in a MC environment, and the delivery
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time becomes a critical factor in a MC environment while it is simply a constraint to
decide on the ordered quantity in a MP environment.  How these decisions are best
achieved for MC case is not tackled in this paper, nevertheless it remains a main issue
to deal with before implementing MC strategy.
5.2 Delivering the product
The design of the delivery network influences many measures in a company, these
are: response time, product availability, customer experience, time to market, order
visibility, and returnability. And any change in this network affects the following
supply chain costs: inventories, transportation, facilities, materials handling, and
information. Also this network is influenced by the company’s global competitive
strategy and MC level.  Before designing it, managers should make two main
decisions:
· Will product be delivered to the customer location or picked up from a
preordained site?
· Will product flow through an intermediary or intermediate location?
The literature presents many methods and tools to make such decisions but these are
not covered in this paper.
6. Coordination
Insufficient collaboration between the main agents involved in the customization
process, mainly the customer, the company and the suppliers as well as failures in
transmitting and translating customer’s requirements to the design and production
teams are major problems causing delay in product manufacturing and delivery
(Dietrich, Timm, Kirn, 2006). This will lead to increased cost, increased internal
complexity, and reduced customer satisfaction. Therefore knowledge management
(KM) is a main factor and tool for the success of a MC system (Frutos, Borenstein,
2004). Knowledge management can be seen as a business process that identifies,
collects, creates, organizes, stores, and distributes valuable knowledge in order to
apply it to problems and use it to attain certain goals (Raman 2006). It leads to the
improvement of customer relationship management, supply chain management, and
product development (Fahey, et al. 2001). Knowledge management is necessary to a
company for achieving innovation in products, processes, services, and organization.
Also, it leads to reduction in costs of design, production, distribution, and others
(Ammar-Khodja, Bernard 2008). In an MC environment two flows of data need to be
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managed; the first one is the product creation flow which is the flow of customer
requirements to all departments and suppliers in order to produce the customized
product. The question here is what data is transferred to what department or which
partner. The second one is the update flow which is the use of customer collected data
for design of new and innovative products and for improving the marketing strategy,
product platforms, design configurator and production processes (Cross, Seidel, R.,
Seidel, M., Shahbazpour 2009). Those two flows are illustrated in figure 5.
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Figure 5. Design communication flow through a mass customisation firm taken from Cross, Seidel, R.,
Seidel, M. and Shahbazpour (2009).
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Evaluation of Mass Customization
After planning for the change induced by MC, the decision of implementing it
remains hard to be made. Is it profitable? Is the increase in customer satisfaction and
market share worth the effort and the complexity created by MC? Evaluation is
needed at first for deciding on whether or not to implement MC. Secondly, it is used
for company‘s progressive improvement and development. The basic method to do so
is by evaluating the cost of implementing MC, nevertheless considering the cost at
the only performance and evaluation indicator is not enough.
Wang (2008) argues that one way to evaluate mass customization is by agility
evaluation of the manufacturing system, since the implementation of mass
customization requires the development of an agile-based manufacturing system.
Yang and Li (2002) suggested the use of multi-grade fuzzy assessments of
manufacturing agility of a mass customized product. They take into consideration the
organization management agility, the products design agility, and the processing
manufacture agility. Each of these factors is assessed separately, and then weights are
associated to every factor. By multiplying every weight to its corresponding factor we
get the utility evaluation of every factor. The mean of all individual factors’ utility
will be the utility of the entire manufacturing system. The disadvantage of this
method is that the evaluation is based on experts’ opinion, which is subjective.
Another agility evaluation method which is the use of 2-tuple fuzzy linguistic
computing was presented by Wang (2008). He considers five factors for evaluating
the agility of mass customization system. These factors are the organization
management agility, the product design agility, the processing manufacture agility,
the partnership formation capability, and the integration of information system. A
detailed description of the method is found in Wang (2008). The problem is that
agility evaluation doesn’t help in deciding whether to implement MC or not, but it
determines whether a company is ready or not for such a strategy. The use of
simulation as a tool for decision support by evaluation of the enterprise performances
(Mauchand 2007) helps the company not only in deciding if it is ready or not for
implementing MC, but also in deciding whether it should or not implement it.
Dietrich et al. (2006) also use an agent-based system because it is a promising
approach in computer-mediated supply webs. Agents’ technology can be applied to
identify existing limitations in today’s manufacturing system and to overcome them
proposing new solutions, as explained by Marik et al. (2002). They presented the
DAISY (Deliberate Agents for Intelligent Simulation SYstems) approach which is a
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framework for modeling, design, implementation, simulation and realization of an
agent-based system for support of mass customization. Its purpose is guiding
researchers through the analysis of the domain, design of processes, and
implementation of an agent-base simulation system for a particular scenario. This
approach is applied on a case study ‘EwoMacs’ which goals are analyzing logistic
structures and developing an adaptable business model for mass customization in the
field of custom-made shoes. DAISY consists of five steps. The first one is modeling
the business process through a standard language and tool. The second step consists
of transferring this model into a simulation model. Automatic synthesis of generic
agent systems from simulation and business process models constitutes the third step,
while the fourth step is to enhance the agent model through replacing agents by
intelligent agents. Finally a detailed simulation using the multi-agent system is
performed. Mauchand  (2007) also used simulation as a decision support tool aiming
on evaluating the performance of the enterprise. According to her the concepts related
to performance are cost, quality, time and value. She used the FBS-PPRE (Function,
Behavior, Structure- Process, Product, resource, External Effect) (Labrousse,
Bernard, 2008) as a modeling method, and ABC (Activity Based Costing) as a cost
estimation method. The different steps of her approach are at first generating the
different value creating activities and value chains that satisfies the customer’s
demand. Secondly the value chains are modeled. Then the different suggested
alternatives are simulated. Finally the simulation results are analyzed using the AHP
(Analytic Hierarchy Process) method that allows multi-criteria analysis. It is worth
noting that her suggested simulation model is a multi-level model for one product
only and the used simulation software was Arena. There is few work done on
evaluating MC, figure 6 summarizes some of it.
Figure 6. Evaluation of MC, literature review.
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DOROTHY
DOROTHY is a medium size research project aiming at enhancing the
competitiveness of the European shoe industry, by developing the necessary tools and
methods to support a customer driven design and a multi-nation multi-site factory.
DOROTHY’ mission is to offer the possibility for a customer anywhere in the world
to co-design his/her shoes that will be manufactured in a multi-site multi-nation
factory and delivered to him/her. In order to achieve this mission, DOROTHY tackles
three main scientific and technological objectives:
Cluster 1: Design tools for customer driven and customer fit shoe
Cluster 2: Design tools for advanced industrial engineering of multi-site and multi-
nation production systems and factories, based on the customer driven shoe
Cluster 3: New business models for the multi-nation multi-site shoes
The results of DOROTHY shall be extended and generalized in order to be applied
also in other industries.
For DOROTHY, the three previously stated steps to implement MC will be followed.
At first the level and type of customization will be defined, then all the necessary
tools and methods to implement such type of MC will be defined and the new
business model developped. Finally the suggested business model will be evaluated
by simulating its value chain.
1. Level of Customization
As stated previously, there exists two ways of deciding on the level of customization
or customization strategy, the first one is by simply deciding on the wanted level of
customization and then do all the necessary studies and planning to check if it is
applicable. The second one is by analyzing the cost of induced change and the
applicability of MC to get the optimal level of offered customization. In DOROTHY,
we tackle the problem following the first way. Different levels of customization,
represented by various scenarios, will be analysed. These scenarios are depicted by
the project industrial partners decision makers on the basis of their experience and
feelings. The proposed scenarios vary from a low level of customization in which just
the best fitting shoe is chosen for the customer, to a high level of customization in
which the customer is able to choose the material, colour, components of his/her shoe
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which is produced based on his/her feet dimensions. The following are two of the
suggested scenarios that reflect the expectations of one of the project industrial
partners. In scenario A, the customer’s feet are measured and his motion is analysed.
Then the customer customizes his shoe colour/components on a screen. Finally the
customer chooses to take the non-customized shoe or the customized one that costs
A% more and will be delivered in a lead time of X days to his home or his favourite
shop. Shoes would be stored in the central warehouses and pairs of shoes would be
collected and delivered to the shop depending on specific customer needs and feet
sizes. In scenario B, parts of the shoes are produced in current factory, for instance
sole making and upper making in different sizes, shapes and colours (without any
assembly). Parts are delivered to warehouses and the final assembly is done after
customer’s order in a mini factory which takes place near the warehouse according to
customer needs and feet sizes. After measuring the customer’s feet and analysing his
motion. He/she customizes his shoe colour/components on a screen. Finally the
customer chooses to take the non-customized shoe or the customized one that costs
B% more and will be delivered in a lead time of Y days to his home or his favourite
shop.
2. Implementing MC
All the different tools and methods enabling the implementation of MC will be
defined and developed. These tools aim at satisfying the two previously mentioned
clusters, to support a customer driven design and production of shoes, and to manage
the multi-nation multi-site factory. Therefore all the methods and tools for product
design, customer interaction tools, production planning, fabrication and supply chain
management will be developed. Finally the new MC business model will be
developed and then evaluated. This work will be achieved by both the research
partners and the 4 industrial partners of the project.
3. Evaluation of the new MC business model
For evaluating MC we adopt the method developed by Mauchand 2007, which is
described previously.
3.1 Determining Performance and value indicators
The combination of the three performance indicators cost, quality and time results in
the value assessment (Chen and Huang, 2006). Nevertheless many other criteria can
be added to this combination, such as customer perception, and environment respect.
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But in this model only measurable and observable data are taken into account. The
value of the product to the client can increase or decrease since it depends on the cost,
quality and delay time of the product which can evolve (Mauchand, et al. 2007).
As the data flow, the performance indicators might vary from a scenario to another.
Some performance indicators might be of higher importance to some scenarios and
might be calculated or estimated differently for every scenario. For example in the
lowest level of customization scenario, the time to deliver the customized shoe to the
customer which is a main performance indicator is based on the time of delivering the
best fitting shoe from the warehouse to the shop and depends on the availability of
this shoe in the warehouse. On the other hand in the high level customization
scenario, the time to deliver the customized shoe depends on the availability of the
material in the factory, plus the assembly time of the customized shoe and plus its
transportation time to the shop.
3.2 Modeling
The general reference system that will be shared between all the actors of the value
chain is composed of two major models the product model and the process model.
Nevertheless the two models are highly connected (Labrousse and Bernard, 2008).
The literature presents many approaches to model the enterprises objects including
process object, product object, resource object, and external effect object. Among
these are the IDEF0, GRAI, FBS, MOKA, etc…  All these approaches do not tend to
be universal, and are restricted to the product view. Hence, Labrousse and Bernard
proposed a generic model: the FBS-PPRE Model. This model offers advances in
three areas: the completeness of the modeling, the management of the dynamic of the
objects, the conceptual unification. Completeness is assured by the wider view that
the model offers. Every object influencing the enterprise processes which are defined
as “temporal, spatial and hierarchical organization of activities using resources to
make products (output)” (Labrousse and Bernard, 2008) is modeled. These objects
are modeled based on their role of product, resource, or external effect with the same
views: the functional, the behavioral and the structural view (Labrousse and Bernard,
2008).
3.3 Simulation
The value chain of every scenario will be simulated, allowing the measurement of the
predefined performance indicators. Then value can be assessed. This will support the
enterprise managerial level in deciding on whether to implement MC or not and on
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the applicability of the desired level of customization. Moreover simulating the
scenarios’ value chains will allow their manipulation in order to improve their design
aiming at better performances and increased attained value. The simulation model
shall provide multi-levels and different views of the value chain.
General Conclusion
Figure 7. Implementing mass customization.
There is an exponential growth in the research volume in mass customization,
nevertheless this research is spread in many fields and disciplines showing that MC is
a highly diffusive field. In this paper we presented a literature review on how to
implement MC by answering on the following three questions:
1. How to determine the desired level of customization, and the best
customization strategy to be adapted
2. What change should be done in the whole company and its supply chain to
enable such a strategy
3. How to evaluate this strategy
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This paper lacks a literature review on the methods and tools to make production
decisions such as scheduling and inventory in MC, and on methods and tools to
design suppliers and delivery networks or MC. Figure 7 hows the different axes that
will induce change when implementing MC. We can conclude that a lot of work still
has to be done to consolidate all the previous research to determine how a company
can implement MC and what are the changes induced through its whole business
model. This work will be achieved in the DOROTHY project that we presented
earlier, and in which all the methods and tools for implementing MC will be analysed
and new ones will be developed in order to suggest and test a new MC business
model.
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Abstract. This work provides a theory in order to shift mass customization from a mere
physical product level to a perspective of total value system. Mass customization is the
social production system currently evolving based upon Knowledge as the origin of value
creation. Value is seen through the increasing involvement of the passive consumer
turning into an active consumer. In modern capitalism, value is created through the
mainstream economy based on the labour theory of value founded by Karl Marx. In the
post-capitalist society value will be mostly created through the procumer economy and
will be governed by a theory of value based on knowledge. The new economy goes
further and beyond the experience economy of Josef Pine. It is argued that mass
customization must break the limitizing borders of mass configuration, and follow its
natural evolution from mass individuation towards mass personification. Aristoteles, four
reasons for any natural change, are taken as the basis for categorizing knowledge.
Heidegger’s phenomenology is adapted to approach the individuation process necessary
for mass customization.
Keywords: procumer economy, theory of knowledge, Aristotle, Heidegger,
phenomenology
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Introduction
The debate today and in the recent years on mass customization has largely been
confined into the problem of mass configuration. This fact is supported through
numerous publications in the literature. There is a sharply increasing number of
configurators in the market, covering a wide range of applications addressing the
mere rearrangement of parts, a process known as configuration. However the
configuration problem was known before mass customization appeared, and it is
therefore necessary that mass customization finds its proper essence. Mass
customization is definitely not a technical task of mass configuring product or
services to fit needs of individual customers, and it is not a business strategy that
many scholars and practitioners around the world prefer to name it. Mass
customization is the production system in the meta-capitalistic society currently
evolving (Tsigkas 2005). In this production system knowledge is the origin and
originator of value creation. In modern capitalism, value is created through the
mainstream economy based mainly on the labour theory of value founded by Karl
Marx. In the meta-capitalistic society value will be mostly created through the
procumer economy and will be governed by a theory of value based on knowledge.
This economy goes further and beyond the experience economy of Josef Pine.
     This work aims at providing a comprehensive theory on mass customization
that is necessary in order to shift the mass customization debate from a mere
physical product level to a perspective of total value system. Furthermore, it
addresses not only customer-centric communications but in generalizes the
meaning of customer to incorporate the emerging knowledge driven consumer,
frequently referred as procumer into the knowledge driven value creation life
cycle.
    The paper is organized as follows. In section 1, the foundations of the theory of
value, based upon knowledge, is laid out. In section 2, the need for the
development of new economics for quantification of value thus generated is
defined. Finally, further research is suggested to take the theory into the next level
of evolution, with the objective to help the research and development community
devising new design tools and strategies for mass individuation and
personification.
1. Knowledge Theory of Value
Value is defined as the quality of the essence of a being. Essence, according to
Heidegger (1986), is defined as what and how is something. The origin of a being
is what its essence comes from. Origin is here understood as the one, from which
and through which turns out what and how is a being. Following this syllogism,
since in mass customization the originator can only be a human being, is
concluded, that the quality of the being to be created, is directly related to the
quality of its creator. Quality is a measure for accounting for value, and in this case
is the quality of knowledge of the creator that accounts for the value of the being,
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thus created. This type of value is independent of the economic characteristic of a
being.  Karl  Marx  used  the  concept  of  value  form  and  the  equivalent  in  order  to
explain the way goods are exchanged in the market. On the other hand he used the
concept of value form to declare value of use for the owner of the product. In both
cases value is used to facilitate exchange in the market. In the mass production
society, the value of the product, either value of exchange or value of use came
out of the efforts and the knowledge of the producer. In the mass customization
society, the value of the product will come fundamentally out of the efforts and the
knowledge of the consumer or user. In many cases a consumer will also be a
producer at the same time. This is a reality, mainly in internet-based services.
     However value and its equivalent in Greek “????” (axia), is a characteristic of
the state of a being and is directly related to the entropy or the internal equilibrium,
in Greek “?????” (taxis) of a being. The higher the entropy, in Greek “??????”
(ataxia) or the less stable is a being the less value can deliver. A low level of
entropy, or the higher the internal stability the higher is the value of such a being.
This is the prerequisite for generating high quality knowledge.  Value is not used in
this type of environment as a good for exchanging any product but as a driver for
improving and promoting individuality and openness in the society of mass
customization. Wealth, in this type of society, is going to be generated  through
improving the value of knowledge that will certainly bring acceleration into the
circulation of knowledge and therefore new knowledge that will in turn create new
value. In this type of society wealth creation will be a commodity. The difference is
that the value based on the human work (supported by the labour theory of value)
will be overthrown and substituted through the knowledge theory of value.
Thereafter knowledge, being a universal good, will be acquired from everywhere.
Companies wishing to develop new product and services turn to the world,
abandoning the narrow borders of their own enterprise and look for innovative
ideas outside of their premices. Open Innovation is already a reality as well as the
work of Eric von Hippel, “Democratizing Innovation”. Nevertheless such a market
needs new economics coined here as “knowledge based economics” (KBE).
     The basic characteristic of this economy is that value will depend on the degree
of individuality contained in the body of knowledge (BOK). From the mass to the
individual and personal, a series of projections lead to personified identity. The
higher the degree of individuality the higher the amount of knowledge needed. A
continuous flow of value is therefore created from the mass to the individuated
being, here meant product or service. However, the product or service concerned,
does not only refer to the one for which is useful and which it consist of material
or information, but because of its nature as individualized being, is tightely
connected to a concrete person itself, to the “oneself” (Dasein) of Martin
Heidegger (2006). In this way the world in which this person works, lives and acts
opens up at the same time. Since in the emerging society, openess is the
fundamental characteristic, personification of all bodies of knowledge is a
prerequisite. Mass Customization needs to move ahead to evolve further and
beyond the current state that is characterized by a mere problem of configuration,
identified as mass configuration. Reduced to a mere configuration problem, it is
undergrated basically to the problem of rearrangement of existing components.
Thus mass customization stays within the framework of a closed rather than an
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open system. Through the individualization of knowledge, human open networks
will be possible and through them value streams will flow.
     In order to pass from mass configuration to real mass customization a path is
needed to be taken that leads from mere information to ever richer body of
knowledge that will be governed through an ontology that is still to be developed..
This path is named after Aristotle “??????????” (entelehia). Aristotle calls
???????????” [?? + ????? (=??????) ???] [en + telos (=skopos) eho]  the state in
which the being has acquired its completed form that contains its purpose or goal
of existence. The being thus created is based upon the corresponding body of
knowledge of the respective phase in the path. The purpose or goal that is
comprised in the form belonging to the phase it is not  only the the purpose of the
goal of the creator, but also the purpose or goal of the being itself to let happen
whatever its creator wished or had as purpose or goal. According to Aristotle, the
birth, the growth, the completness and the decay of the beings are assigned into
this “??????????” (entelexia). Following the thought of Aristotle, it can be said that
depending upon which phase in the mass customization evolution path a product
or service is targeted at by its creator, it will contain a certain content of
knowledge corresponding to a specific value (????).
Configuration  --> Individuation  --> Personification
     In order to qualify and quantify conceptually any transition from one phase to
the next in this path of ?????????? (entelehia) Aristotle philosophy helps finding a
way. According to his philosophy, in order to have complete knowledge of a
“being”, it is necessary to get to know its causes (in Greek ????? [aitia]), or with
Heidegger the “origin” or “source”. If this thesis is reversed, then an ontological
statement can be formulated: by providing the necessary causes, a “being” may be
created. Here the question is not “why” something has been created, but “how”
something, that does not exist, may be created. More specifically, the causes
according to Aristotle may not be more than four. Therefore four causes are
needed in order to create a being (quote from Stanford University Philosophy
Library).
? The material cause: “that out of which”, e.g., the bronze of a statue.
? The formal cause: “the form”, “the account of what-it-is-to-be”, e.g., the shape of a
statue.
? The efficient cause: “the primary source of the change or rest”, e.g., the artisan, the art of
bronze-casting the statue, the man who gives advice, the father of the child.
? The final cause: “the end, that for the sake of which a thing is done”, e.g., health is the
end of walking, losing weight, purging, drugs, and surgical tools.
 All the four (types of) causes may enter in the explanation of something. Consider the
production of an artifact like a bronze statue. The bronze enters in the explanation of the
production of the statue as the material cause. Note that the bronze is not only the material
out of which the statue is made; it is also the subject of change, that is, the thing that
undergoes the change and results in a statue. The bronze is melted and poured in a wax cast
in order to acquire a new shape, the shape of the statue. This shape enters in the explanation
of the production of the statue as the formal cause. However, an adequate explanation of the
production of a statue requires also a reference to the efficient cause or the principle that
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produces the statue. For Aristotle, this principle is the art of bronze-casting the statue (Phys.
195 a 6-8. Cf.Metaph. 1013 b 6-9). This is mildly surprising and requires a few words of
elaboration. There is no doubt that the art of bronze-casting resides in an individual artisan
who is responsible for the production of the statue. But, according to Aristotle, all the artisan
does in the production of the statue is the manifestation of specific knowledge. This
knowledge, not the artisan who has mastered it, is the salient explanatory factor that one
should pick as the most accurate specification of the efficient cause (Phys. 195 b 21-25). By
picking the art, not the artisan, Aristotle is not just trying to provide an explanation of the
production of the statue that is not dependent upon the desires, beliefs and intentions of the
individual artisan; he is trying to offer an entirely different type of explanation; an
explanation that does not make a reference, implicit or explicit, to these desires, beliefs and
intentions. More directly, the art of bronze-casting the statue enters in the explanation as the
efficient cause because it helps us to understand what it takes to produce the statue; that is to
say, what steps are required to produce the statue. But can an explanation of this type be
given without a reference to the final outcome of the production, the statue? The answer is
emphatically “no”. A wax cast is made for producing the statue. The bronze is melted and
poured in the wax cast. Both the prior and the subsequent stage are for the sake of a certain
end, the production of the statue. Clearly the statue enters in the explanation of each step of
the artistic production as the final cause or that for the sake of which everything is done.
     Depending upon the phase in the path of entelehia, one is targeting at for mass
customization, the four causes will be shaped and provided in order to make the
product  or  service  possible.  For  every  phase  in  the  path,  four  causes  need  to  be
addressed, quantified and qualified as well as finally provided. At each phase there
is a certain body of knowledge (BOK) that is required to be provided through the
ontology still to be developed Such an ontology, as a method for opening up
knowledge, must address the question of how transistion in the path of entelehia
are possible and what is the essense for each step. Elaborating on, Configuration,
Individuation and Personification the following definitions are given (Webster
dictionary)
? Configuration
o an arrangement of parts or elements
o any spatial attribute (especially as defined by outline)
? Individuation
o  discriminating the individual from the generic group or species
? Personification
o one who personifies an abstract quality.
o representing an abstract quality or idea as a person or creature.
o the act of attributing human characteristics to abstract ideas etc.
     A being in mass customization, either a service or a product, reaches its final
state, only when it finds and assume its final form, and substance, ie. its entelehia,
its lowest level of entropy. This happens only when it has been individuated and
fulfills completely the desires of the user or creator. Until that moment is under
transition, in motion, abandoning the anonymity of the mass and moving towards
eponimity of the individual. Configuration is a method to create a being without
genuine individuality originated from the user or creator. Individuation is a method
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in oder to create a being reaching eponimity, but not necessarily owing this
eponimity to the personality of its user or creator. Personification is method to
turn eponymous beings into personalities that inherit all their attributes from its
individual users or creators. For all these levels and methods of mass
customization, value arises from the interrelationship of the user or creator and the
being to be created. Concerning value, there are four different flows that emerge
from the interaction and illustrated in Figure 1.
Figure 1. mass customization value flows
The respective value flows are represented and qualified with respect to
knowledge causes illustrated in Figure 2. A description for each driver follows.
Figure 2. Knowledge causes
In true mass customization, the user becomes the architect of the products
and/or services. Enabling the user to become a creator, the market does not
distinguish between sellers and buyers, but sellers and buyers are integrated in the
same person, the market is personified and individuated, not configured. For this
new market, a new name is needed coined here as “?????” (Agora). The word
Marketing is substituted through the word ????????? (agorevin), which in Greek
means “announcing” instead of “pushing into channels”, implementing the real
essence of Marketing, on the base of the Greek word “??????????” (emporevin)
which means set something on a way, i.e. to Agora. Agora, was the place in
ancient Athens where democracy was implemented.  Agora is proposed to be the
virtual global place, where mass democracy and innovation will take place. In mass
customization, the new social system for mass democracy, the product does not
exist without its owner. For every creation there is an owner, and for every owner
there is a creation. Therefore its existence signals and it is a symbol for the person
that has created it. In this respect the question that arises is twofold. What can a
creator contribute to the creature, and a creature created in this way can do or
being creator
being creator
being
creator poiesis
entelehiaexistence
openess
Tsigkas and Papantoniou: Theorizing on a new Agenda for Mass Customization
Submitted to 5th World Conference on Mass Customization & Personalization MCPC2009 7
deliver to the owner or creator. The creator is responsible for the purpose of the
existence for any creature (entelehia). The creature is responsible for allowing the
creator to become a creator through a corresponding activity (in Greek ???????,
[poiesis]). In this respect there is a complete alignment of the wishes and desires of
the creature and the creator. This is a relationship that, from the ontological point
of view, can be formalized as a set of rules that verify and validate knowledge
necessary in order to fulfill the alignment. Furthermore, the fact that a creator is
the driver for a new creation opens up the existence or individual to the world.
Existing concepts as for example open innovation or democratizing innovation of
Eric Von Hippel are incarnations of this theory. Moreover, the being or creature
itself manifest to itself in which category of existence it may belong. Heidegger
(2006) distinguishes among three types of beings: in-the-hand, available and the art
work. For each one of these categories there is an entelehia that accompanies it. In
Mass Customization art work is excluded, since every art work has its own
purpose independently of the creator.
2. The need for knowledge based economics
In mass production and the capitalistic era, companies offer their products and
services to the market. Marketing strategies are based on how to promote and
create demand for increasing business and profit. Profit comes out of the added
value companies can leverage from the market. Business plans are then based on
economical growth translated into ever increasing market demand and money is
made through exchanging equivalent values. Knowledge remains an ownership of
the company and innovation as well. Everything is confined within the premises of
individual companies. The know-how of the company is their most precious capital
protected through patents and national and international laws. Labour theory of
value is implemented to calculate cost of the product and/or service.
     In mass customization the ownership of designing and producing is separated
for the first in the history of the industrial society. To design means knowledge
that actualizes the individual. The product that is built has value exclusively for the
concrete individual that has designed it. Without the owner it does not exist.
Therefore, there is no general demand for it. The classical laws of macro-
economics based on demand and supply do not hold, in this case and so sales
prices cannot be regulated based upon the competition in free market. One after
the other the laws of macro-economics set themselves out of order. The free
market exists, but needs different rules for value representation and exchange.
Production will be a service and not any more a driver for adding value. The center
of gravity for adding value is transposed towards the one that designs and away
from  the  one  that  produces.  As  a  result  of  this  evolution  companies  in  meta-
capitalism will compete not on the premise of best value for money, but the best
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value for accessible and available knowledge offered and created through human
interaction for mass individuated products and services. The new capital will be
based on the amount, quality and response for acquisition of knowledge that can
be effectively transformed into individuated or personified products and services.
Business plans will be developed based on the knowledge growth translated into
ever increasing the community of users that use their design tools and their
capability to deliver the designed product or service within acceptable delivery
times and cost to their customer. User communities formed in this way will
obviously add new and use existing knowledge for more value creation. Real-time
human networking will tremendously accelerate the formation of new knowledge
into individuated products and services. Knowledge supply chains thus formed will
compete for market share in the new knowledge Agora for mass customization.
Knowledge communities will be formed and change dynamically over time for
more value creation. Capital generation will be limitless in the market since labour
will not be the limiting factor and demand will be driven not by products but by
knowledge. However, new rules are necessary to evaluate these services based
upon the quality of knowledge thus created or used respectively. Research is still
under way in order to define new rules for knowledge based economics.
3. Further research
Theory without practice is blind but practice without theory is empty. Therefore,
the theoretical foundations on mass customization stated in this paper will be taken
as a basis for the development of new design methods for mass customization.
Especially, the formation of knowledge ontology is necessary in order to define the
prerequisite of an infrastructure for the design of individuated and personified
products and services. Research is under way to develop the foundations and the
elements of knowledge based economics needed in order to replace the rules of
economics based upon the labour theory of value that is out of validity in the
Agora for mass customization.
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Customisation Design
Levels of Customisation
Author: Joergensen, Kaj. A.1
Abstract. To implement Mass Customisation (MC) is often a non-reversible decision.
Consequently, many issues have to be considered when companies want to move to
such a future position. In order to support this decision making, a model for customisation
has been developed. This model arranges customisation in four different levels of
customisation, ranging from the structure level at the bottom, through the performance
level and the experience level to the learning level at the top. The model has a dual view
with a customer side and product side and it is important that a balance between these
two sides are created and maintained.
Keywords. Mass customisation, customisation, product configuration, product family
model, product configurator, personalisation, experience.
Introduction
Mass Customisation (MC) was introduced by Davis (Davis, 1989) and Pine (Pine,
1993), (Pine et al., 1993). Since its introduction, MC has called for a change of
paradigm in manufacturing and several companies have recognised the need for
mass customisation and much effort has been put into identifying, which success
factors are critical for an MC implementation and how different types of
companies may benefit from it (Lampel and Mintzberg, 1996), (Gilmore and Pine,
1997), (Sabin, 1998), (Silveira et al., 2001), (Berman, 2002).
For obvious reasons, there are different strategies on how to implement MC
most appropriately and it varies naturally also between different companies,
markets and products. Because there is not a single generic strategy, it is
important to look at the issue from different viewpoints. The fact that products
must be easily customisable in order to achieve MC has been described
comprehensively in the literature and, more general, (Berman, 2002) and (Pine,
1  Aalborg University, Dept. of Production, Denmark. Mail: kaj@production.aau.dk
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1993) have discussed the issues related to readiness of the value chain. Newer
research underlines that MC is a strategic non-reversible development and
suggests that the change process is considered as a strategic mechanism.
Consequently, in order to benefit fro MC, the mangers must tailor the
development process to the existing business, rather than vice versa.
Mass Customisation and Product Configuration
An often used approach for implementation of MC is product configuration, in
which a series of products is defined by one single model – a product family
model (see figure 1) (Jørgensen, 2003). Hence, a product family can be viewed as
the set end products, which can be formed by using a predefined product family
model. The result of each configuration will be a model of the configured product,
configured product model, and from this model, the physical product can be
produced.
Product Family Model
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Figure 1 – Product family model as basis for configuration
Mass Customisation and product configuration is relevant for many enterprises
and great benefits are normally found, where customisation is common and where
the idea is introduced gradually. In general, however, the benefits depend very
much on the product and the market. In the relationship between the manufacturer
and the market or more precisely the product and the customer, the product
configurator plays a major role.
A major distinction regarding markets/customers is between business-to-
business (B2B) and business-to-consumers (B2C) and an important dimension
here is the degree of personalisation. Personalisation is most relevant in
relationship with B2C and a high degree of personalisation towards individual
customers or small groups of customers generates special requirements to product
configurators but, on the other hand, this also raises new opportunities for
increased volume.
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A product family model is often the basis for development of a product
configurator. A product configurator can be defined as a tool, computer software,
which can support users in the configuration process (Faltings, 1998), for instance
by selecting modules to compose products. Hence, with a product configurator, it
is possible to configure multiple individual solutions – perhaps a large set of
products. Hence, product configurators are important tools, which can provide a
range of opportunities for adding new dimensions to the subject and configuration
may also add more value to customers. Therefore, when a configurator is
designed, a large number of design parameters must be considered and balanced
decisions must be made. Many of the parameters are related to development of
software systems, e.g. usability, reliability, flexibility and security.
Customisation Levels
Most of the methods, which exist for product family modelling, focus on
modelling of the solution space of a configuration process. This means that they
describe the attributes of the products and the product structure. Hence they do
typically not focus on additional information which goes beyond what must be
used to perform the configuration itself. This kind of information, which could
include e.g. customer, market, logistics and manufacturing information, is
according to (Reichwald et al., 2000) similarly important, since a successful
implementation of MC must integrate all information flows in the so called
“Information Cycle of Mass Customisation”.
Immaterial attributes,
Communication, Presentation,
Story telling, Service
Complexity reduction,
Knowledge transfer,
Product = configurator + product
Architecture,
Modularity,
Platforms
Functionalities, Attributes,
Integration, Optimisation
Emotions, Dreams,
Personalisation, Aesthetics,
 Sensibility for authenticity
Knowledge gap,
Unable, Unskilled,
Personal transformation
Components and interfaces,
Flexibility,
”Plug-and-Play”
User process complience,
Efficiency, Effectiveness
Structure
Experience
Learning
Performance
Customer Product
Figure 2 – Customisation on four different levels
In order to support the decision making regarding customisation of products, a
model for customisation has been developed (see figure 2). This model arranges
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customisation in four different levels of customisation, ranging from the structure
level at the bottom, through the performance level and the experience level to the
learning level at to top. The model has a dual view with customers at one side and
products at the other side and it is developed so that it can be generally applies
and, typically, it must be decided how far up in levels the development should
aim.
Customisation: Structure Level
Configuration on the structure level is a rather common view of configuration and
is characterised as a matter of acquiring components, which can be used as
building blocks, comparable with using the well known LEGO bricks. Typical
commercial product examples are computers, automobiles and bicycles. Important
issues are modularity, interfaces of modules and product platforms. Modules are
defined as assemblies of components and end products are composed of modules
(see figure 3). Very often, modularity is recommended as a precondition for
implementation of product configuration and modules are most preferably
identified with clear separation of functionalities, i.e. modularity is in contrast to
integration. Further, different architectures of modularity are worth considering.
P1 P2
M1 M2 M3 M4 M5
C1 C2 C4 C7 C8C3 C5 C6 C9
Product Level
Module Level
Component Level
Figure 3 – Model of the structure with the three levels.
Customisation: Performance Level
On the next level, the performance of products is essential. When products are
installed in their user environment, they perform their functions – hopefully in the
expected way. Therefore, considerations about the ability to perform the
functions, which are required by the customer, are very important and should be a
significant subject of configuration. Hence, the focus of product configuration is
shifted to identification and definition of product attributes instead of modules and
components. This is particularly important when the performance of the product is
essential and a careful balance between integration and modularisation must be
established. Extreme product examples are automobile engines and computer
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processors. The performance level is also important in companies, where order
horizons are long and where many changes often have to be managed. Focus on
requirements regarding the product functions in the early stages may reduce the
need for making expensive changes in later phases.
Figure 4 illustrates how underlying modules/components of an end-product in a
product family can be determined on the basis of decisions regarding attributes.
Figure 4 – Specification of modules directly or indirectly through functionalities.
Attribute 1 corresponds to one module whereas attribute 2 determines two
modules. Further, the figure shows that module 4 is determined by two attributes.
In special situations, configuration is not a matter of module selection.
Products may be composed of multiple modules but are rather parametric
products, where the end-product is defined by adjusting a set of parameters.
Mapping of functional requirements to specific modules is considered in (Jiao
et al., 1998), (Du et al., 2000) and (Männistö, 2001). Jiao proposes to use a triple-
view representation scheme. The three views are the functional, the technical and
structural view. The functional view is used to describe, typically, the customer's
functional requirements and the technical view is used to describe the design
parameters in the physical domain. The structural view, which corresponds to the
structural level described above, includes the mapping between the functional and
technical view as well as the rules of how a product may be configured. The
description of this modelling approach is however rather conceptual, and is not
easily implemented in industrial applications.
The two lower levels of customisation, the structure level and the performance
level, are rather common and widely used with many products and on all types of
markets. Further levels of customisation will primarily relate to customers and
products with higher degree of personalisation.
Customisation: Experience Level
The next level, termed the experience level, focuses on special attributes of
products and also on immaterial attributes, which are related to customer's
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emotions and dreams. Involvement in a configuration process will for many
customers result in a higher degree of satisfaction and the customer will likely
feel a stronger attachment to the solution (Pine and Gilmore, 1999). The
experience level of customisation is therefore strongly related to personalisation.
Hence, customers are primarily individual persons or relatively small groups.
Many fashion and service products, for instance, are highly personalised and aim
at giving the customer specific experiences. Examples are entertainment, personal
care, wellness and travel. Many examples show that configurators for these types
of products aim at special values of the products for the customers. But for many
customers, ordinary products may be looked at with extra dimensions of personal
valuation. Customer's concern for the environment may for instance give more
preference for ecologic products.
Because the experience level focuses primarily on attributes, Figure 4 can also
be used as an illustration of this case. In order to create good support for the
experience level, it is important that the available options are matched properly
with the customer needs and it is important to analyse, what effect different
attributes have on customers, whether they are real or imaginary attributes. Many
products are presented with images of apparently happy people and admirable
locations.
An important aspect of this customisation level is authenticity (Gilmore and
Pine, 2007). There is a tendency that customers are becoming more sensitive and
expect higher and higher quality of goods and services. Practically all consumers
desire authenticity. Every person is unique and he is intimately aware of his own
uniqueness and values it. The consumer sensibility for authenticity evidences
itself and, whenever informed, individuals independently purchase any item with
which they are intensely involved. According to this theory, many companies fail
if they act differently than they announce that they do. In such cases, there may be
a great risk that configuration will give a negative effect. If a company claims to
be very conscientious, it may very fast loose great respect, if it is disclosed that
some products for instance are produced by children and perhaps under poor
circumstances.
Means for good configurator support on the experience customisation level are
to present the perhaps unseen values of products and to provide good and reliable
guidance to the user, to display consequences of choices. If the options are
limited, it is important to be selective regarding customer segments. However,
some customers may be intimidated by getting a wrong message. In many cases it
is like balancing on a knife edge; if you fall, you may cut yourself.
Customisation: Learning Level
At the top level of customisation, the learning level, special services must be
offered that may result in further impact on the involved customer. At this level,
the transformation of the customer is the primary aim. A product in traditional
sense is available but special aspects of the product should lead to a learning
process for the customer. Consequently, a further amount of services are added
and such services may include a range of subjects that represent a gap between the
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customer's knowledge and what the product can offer. The lower customisation
levels may be identified, i.e. a modular or otherwise configurable product may be
offered and appealing attributes may be presented, but the addition of the learning
level should create further attraction from the customer towards the underlying
product.
The customer's knowledge gap may be related to different areas and the
product may be complex and difficult to understand. Perhaps the product must fit
into complex processes at the customer's site and it may be difficult for the
customer to estimate, how the product can fulfil the requirements. Maybe the
customer is a first time buyer so many issues are new for the customer. Therefore,
it should be possible for the customer to find answers to questions about issues,
which the customer finds complex. If customers are unable or unskilled to make
decisions about such issues, trustworthy guidance must be included, perhaps along
with the configurator. In this way, the configurator is integrated with the product
or it can be seen as a part of the product.
Like for the previously presented customisation levels, adding such additional
features also requires a good segmentation of customers in order not to give a
negative effect. Well skilled customers may find this kind of support as a barrier,
so it is important that the configurator is able to adjust itself to different
customers.
Conclusion
Mass Customisation (MC) combined by product configuration implies that each
individual product is specified by a configuration process, where customers make
decisions about the solution based on a set of available options. It is thereby
possible to configure multiple individual solutions. Customers will be able to
select a variety of configurations and thereby to some degree participate in
individual product design.
Product configuration can be applied to many products and many markets or
customers and the development of configurators will depend on these application
areas. A major distinction regarding markets/customers is between business-to-
business (B2B) and business-to-consumers (B2C). An important dimension here
is the degree of personalisation because a high degree of personalisation towards
individual customers or small groups of customers generates special requirements
to product configuration. Implementation of such requirements, however, may
also raise new opportunities for increased volume.
In order to support this decision making, a model for customisation has been
developed and presented. The model arranges customisation in four different
levels of customisation, ranging from the structure level at the bottom, through the
performance level and the experience level to the learning level at the top. The
model underlines the importance of seeing customisation from both a customer
side and a product side. Designers must decide how far up in levels the
customisation should be developed.
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Development of configurators, which can offer a good support for
configuration processes and produce well specified individual product models, is
a great challenge and, when a configurator is designed, a large number of design
parameters must be considered and balanced decisions must be made.
Many applications of configuration and use of computer based configurators
provides a range of opportunities for adding new dimensions and it is argued that
the presented model for customisation on different levels can add more value to a
product and make it more attractive for customers to select.
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Abstract. In 2005 Sanders Consulting published its ground-breaking research, “Why
Mass Customization is the Ultimate Lean Manufacturing System.”  Using the textile
industry as their primary example, Sanders’ research showed that, when framed from
the entire product lifecycle— from raw material production to point of purchase, the
standard best practice of mass production was actually very inefficient and indeed
wasteful in terms of money, time and natural resources.  Beginning from this lifecycle
framework provided by Sanders, this paper answers the question: What are the
environmental impacts of utilizing mass customization compared to the impacts of
utilizing mass production?
Keywords. Environmental Impact, Carbon Footprint, Energy Use, Material Use, Mass
Customization, Mass Production.
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Introduction & Hypothesis
We began the research for this paper with the hypothesis that mass customization
(MC) manufacturing and distribution out perform mass production (MP) processes
in terms of energy efficiency and material use. Dramatic reductions in inventory,
materials, and better utilization of the end-product (an intangible result of
personalization) we believe are the main factors that give mass customized
products this efficiency and can yield a lower carbon footprint.  This is valuable
data for manufacturers and users of MC products as most of the evidence provided
to date on more sustainable or ‘green’ products is not empirical and relies heavily
on marketing schemes and advertising campaigns.
In order to go about proving (or disproving) this theory we examined the product
life-cycle of a men’s dress shirt within both a MC system and a MP system.  While
there are many levels on which to analyze the embodied energy of a dress shirt,
including pre-production processes such as raw material (cotton) extraction and
harvesting, yarn spinning and weaving, or even examining the embodied energy in
product design processes, this paper will focus its analysis within Sanders’
framework, as provided in their 2005 study, “Why Mass Customization is the
Ultimate Lean Manufacturing System,” and examine the production, distribution
and customer experience cycles.  Specifically, our analysis includes the embodied
energy analysis of manufacturing— cutting, sewing, packaging; distribution—
warehousing, distributing and retailing; and lastly, the customer purchasing
experience.
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Research Methodology
For our research we conducted interviews with ten apparel industry experts
including fellow researchers, consultants, MC and MP factory managers, and
executives currently running MC apparel companies.  Most of the interviews were
conducted through a series of phone calls, however, a few were held in person.
From these interviews we were able to gather largely qualitative data and some
quantitative data of energy use during the manufacturing and distribution cycles.
In addition to industry leader interviews, and as a way to further extend and
illustrate a more tangible experience of the product life-cycle analysis, we also
documented the purchasing processes required for MC and MP.  One of us
documented the process of utilizing an online retailer with a custom design
configurator to mass customize a shirt; and the other purchased a MP shirt from a
retail store in a local shopping district.
We have divided the paper into two sections: the first, Consumer Scenarios, is
where we document our consumer experiences of MC and MP; and the second,
Analysis, is where we present qualitative and quantitative data on the energy and
material use of MC and MP by directly comparing and contrasting the product life-
cycle of each.  Lastly, we draw conclusions from our scenarios and analysis, and
we discuss potential areas of research that could further reveal the energy impacts
and potential savings of utilizing mass customization.
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Section I: Consumer Scenarios
Mass Customization and Mass Production Consumer Scenarios
Our goal of this exercise was to uncover the total time and energy utilized during
the two distinct customer experiences of purchasing similarly-priced MC and MP
men's dress shirts.  In terms of energy use during these experiences we highlight
and compare the amount of time and transportation utilized for each.
For the MC case study we selected Proper Cloth, a men's dress shirt customization
platform. Founded by Seph Skerritt, Proper Cloth focuses only on custom men's
dress shirts and utilizes a well designed website for first time users. The customer
experience can be divided into roughly 6 steps:
1) Create a Shirt - Selection of primary shirt fabric
2) Style - Select type of collar, cuff, and pocket
3) Personalize – Monogram and accent fabrics for cuff and collar
4) Sizing - Body Measurement Methods
5) Summary/Payment
6) Delivery
Step 1 Step 2
Figure 1. From home, go online to MC site             Figure 2. Go to Propercloth.com
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Step 3             Step 4
Figure 3. Select fabric.             Figure 4. Select collar, cuff, and pocket.
Step 5 (5-10 min)             Step 6 (2-5 min)
Figure 5. Personalize shirt.             Figure 6. Select sizing method
Step 7 (15-30 min)             Step 8 (10 min)
Figure 7. Self measurement.              Figure 8. Comparative measurement.
Step 9 (5 min)                           Step 10 (10 min)
Environmental Impacts of Utilizing Mass Customization: Energy and Material Use of Mass
Customization vs. Mass Production
Submitted to 5th World Conference on Mass Customization & Personalization MCPC2009 6
Figure 9. Convert measurements.              Figure 10. Summary/Payment
Step 11 (2-4 weeks) Step 12 (15 min)
Figure 11. Receive shirt            Figure 12. It fits great!
The total time for the MC consumer experience ranged from 1 to 3 hours.  This
large fluctuation depended on two primary factors: first, the fabric selection
available coupled with consumer selectivity; and second, the ease of measurement
coupled with the consumer’s skill level in those method(s).  In terms of time spent
during the consumer selection process, there is the common problem shared by
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most online design configurators: The platform must simultaneously present
enough variety to meet the needs of numerous consumer tastes while providing the
consumer with the appropriate level of variety to choose from so as not to
overwhelm them.1
In terms of measurement time, ProperCloth.com offers a “Similar Brand
Measurement” method that can dramatically reduce time to purchase by allowing
consumers to compare the sizing of popular name brand shirts.  In addition, Proper
Cloth’s body measurement method provides more precise custom tailoring
capability; however, this requires a greater investment of time.  Other barriers to
this method might include the lack of tools required of the consumer for
measurement such as a fabric tape measure (initially we measured ourselves using
a ribbon and a building tape measure) as well as include the necessary skills
required of the consumer for self measuring. Overall, the initial consumer time
investment for MC is high; however, this will diminish dramatically for repeated
orders, once the sizing has been verified.
Mass Production Consumer Scenario
For the MP case study we first picked a local shopping district with the
assumption that there would be 3-4 stores we could visit and at one of which,
make a purchase.  We ended up purchasing a dress shirt from a retailer called,
1  Barry Schwartz’s book, “Paradox of Choice” describes the decision challenges when presented with
too much variety. This area of study has been of central focus of MC researchers in search of the right
balance between excessive variety and meaningful choice.  Ivengar and Lepper’s study in 2000,
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Sean, which sells mass produced lines of men’s fashion apparel.  The customer
experience can be divided into roughly 5 steps:
1) Travel to Retail Store – Public transit and walking in search of store
2) Selection of Shirt – Choosing between different styles, colors and sizes
3) Fitting – Try on the shirts to verify standard, but good fit
4) Purchase – Payment for selected shirt
5) Travel back Home – Walking and public transit
“When Choice is Demotivating: Can one Desire Too Much of a Good thing?,” in the Journal of
Personality and Social Psychology also points to the need to minimize variety.
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Step 1 (35 min)             Step 2
Figure 13.  Travel to local shopping district.            Figure 14. First store in shopping mall.
Step 3 (20 min)             Step 4
Figure 15. Browse store #1 selection of shirts.          Figure 16. Unappealing to personal style
Step 5 (25 min)             Step 6 (15 min)
Figure 17. Travel to another store.             Figure 18. Browse store #2 selection.
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Step 7 (10 min)             Step 8 (5 min)
Figure 19. Fitting.            Figure 20. Purchase the shirt and leave.
Step 9 (40 min)
Figure 21. Travel back to apartment.
The total time for the MP consumer experience took about 2.5 hours.  Most of
that time was spent for travel to and from the various retail locations and the
apartment, where compared to the MC case study, zero time is needed for travel.
Our main observations here, however, are the distinct sources of energy used by
the consumer during that travel (i.e. public transit for us, however, we speculate
that average consumers will drive to their shopping centers) as well as the energy
used by the retail store to present the selection of shirts and complete the
transaction, none of which is needed for MC.
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Section II: Analysis of Key Areas
The analysis section is composed of two primary stages within the product life-
cycle: manufacturing and distribution.  Where we can, for each of these stages we
provide detailed energy use analysis and evaluation, and we also provide
speculation on potential sources of energy waste and savings we found in both MC
and MP.
Manufacturing
The major areas of focus in the manufacturing component of our analysis are the
waste and energy required for the following processes:
1. Inventory (raw materials)
2. Cutting, Sewing, and Assembly (fabric utilization)
3. Packaging
Inventory (raw materials)
MP processes in the apparel industry are inherently dependent of large quantities
of a limited variety of fabrics, whereas MC processes depend more on having
much less quantity, but a larger array of fabric choices. One of the largest
European mass customizers of men's dress shirts, Bivolino, utilizes over 55,000
meters of inventory over a 1-2 month period; however, these quantities pale in
comparison to the 15,000,000 meters of fabric required by the average MP
manufacturer (Byvoet, 2009). In MC, inventory levels can range from as little as
2.5-3 meters (Skerritt, 2009) for highly specialized fabrics to 250 meter rolls
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(Byvoet, 2009). Some MC practitioners have reduced the number of fabric choices
in order to further maximize this inventory benefit: For example, Proper Cloth
allows just 34 types of fabrics as opposed to Bivolino who offers over 200 types of
fabrics.  As a much smaller manufacturer, Proper Cloth, not only offers less fabric
choice, but also fewer choices of collar styles (4 vs. 28) and cuff styles (3 vs. 15)
than Bivolino.
The management of inventory directly contributes to the challenge of appropriate
variety in MC. Larger MC manufacturers can offer more choice and must
accommodate the larger quantities of fabric types, whereas smaller MC
manufacturers can essentially bring their inventory to near zero. This points to a
shift in inventory management by MC factories upstream to the fabric distributor.
Increasing use of MC practices that include one-on-one interactions between MC
producers and customers have yielded better real time market data, thus enabling
fabric mills to produce materials more efficiently (Possen, 2009).
In cases where manufacturers produce both MP and MC shirts inventory lines are
blurred depending on the level of dual-use of fabrics for each line. In the case of
Brooks Brothers, the addition of MC production increases the level of in-store
inventory, as they have utilized retail locations to promote the MC business.
Cutting, Sewing, and Assembly
MP processes employ multiple ply cutting machines that can cut up to 20-30 layers
of fabric at one time (Teel, 2009).  The advantage over MC is that total cutting
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time is reduced, however, as the number of layers increase cutting accuracy
decreases.  In MC, however, while single or double ply cutting yields a very
accurate cut, it also produces much more paper waste (paper underlayment is
required for stabilizing the fabric during cutting). The characteristic of wastage for
MP and MC varies greatly. For example, in MC, manufacturers often will wait for
orders to accumulate before cutting a particular color in order to maximize usage.
In MP, others are very large and require the largest width available, thus creating
larger swaths of unused material. The range of fabric utilization advantage of MP
over MC is large. Bivolino reported fabric usage of 12% higher for MC (Byvoet,
2009), whereas Brook Brothers was 2-3% (Teel, 2009).
Total time for cutting, sewing, and assembly for MC reported by Bivolino was 10
minutes (cutting) and 60 minutes (sewing and assembly) (Byvoet, 2009). This is
roughly 3 times the amount of time for traditional MP processes (Byvoet, 2009).
However, an investigation of total production levels as reported by Brooks
Brothers at one factory location of 4800 MP shirts/week with 180 operators and
500 MC shirts/week with 20 operators (Teel, 2009), yields nearly identical shirts
per worker per week ratios of 26.7 and 25.
Packaging
In general, both MP and MC manufacturers will package each shirt, with MC
often personalizing the packaging for their product.  Many MP manufacturers will
ship shirts in bundles of 20-24 shirts (Teel, 2009), thus greatly reducing the need
for outer packaging like cardboard and plastic packaging for shipping.  Both MC
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and MP producers can greatly reduce environmental impacts by using recycled
paper and plastics in packaging. In some special cases, MC reduces the necessary
packaging since the retailer does not display the final product, as is the case for
Brooks Brothers.
Production Waste
The production of MC products will yield varying levels of waste in fabric and
stabilization paper (as described in the manufacturing section) during the
production process. The continued optimization of this process through better
cutting techniques, utilization of recyclable materials will minimize this impact.
These same techniques can be applied to MP processes to achieve similar benefit,
however, recycling in the MC process is less of a general problem given the very
low number of returns than MP processes.
Distribution
One of the more clear distinctions in the product life-cycle between the MC and
the MP of a men’s dress shirt is the process of distribution that each method
utilizes after the manufacturing has concluded.  At first glance, it seems obvious
that MC, which typically allows for direct-to-customer shipping, and without its
need for an infrastructure of distribution centers, greatly saves on energy and
material use.  Our research has confirmed this assumption; however, it turned up
evidence that suggests a less obvious and more subtle structure of such savings.  In
this section we will compare the typical distribution processes of each and outline
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the sources of energy and material savings (and waste) after the product has left
the factory up until it is in the hands of the customer.
As discussed above, while the energy efficiency gained during the MP
manufacturing process exceeds that of the current practice of MC, those gains are
primarily offset by its dependency on large distribution infrastructure such as
offsite product storage facilities (warehousing) and regional shipping centers.
Since MC utilizes direct-to-customer shipping, it can function almost entirely
without this infrastructure providing tremendous energy savings because it does
not need to heat & cool or supply electricity to such buildings, nor provide fuel for
and maintain a transportation fleet.  Increasing the energy utilized and time spent
while circulating through the distribution infrastructure, we found that, with the
exception of only a few manufacturers, most MP manufacturing of men’s dress
shirts occurred overseas and far from the final distribution point – the customer
transaction.
The energy savings found in the distribution of MC shirts are not without their
own offsets and balances, however.  For instance, where MP shirts can be
packaged and shipped in bulk, with one manufacturer reporting a weekly shipment
of 4,800 - 6,000 units (Teel, 2009), MC shirts are individually packaged and
sometimes individually shipped.  In order to offset the increase of energy needed
for more packaging materials per product as well as less efficient deliveries, we
found that the common practice in MC was to batch single orders together over a
period of time.  Typically this means aggregating orders over one week period
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whose destinations are similar and shipping those together.  However,
implementing this strategy returns MC to the problems found in distribution
infrastructure.
In addition, similar to the long range found in MP distribution, in talking with
apparel industry executives we found that it is common in MC for the
manufacturing facility to be at a great distance from the point of customer
transaction (Eggers & Luber, 2009). In fact, in some cases this is one of the
marketing strategies of MC: With an internet connection, the consumer can be
anywhere in the world and he can have his custom apparel delivered to his house.
This is possibly one of the most energy intensive and wasteful aspects of MC,
however.  In MP transcontinental distribution can be shipped in very large bulk,
sometimes filling entire shipping containers, which is, according to the US
Department of Energy, the most energy efficient method of large-scale
transportation (Battles, 1999).  In addition, because the shipment is not directed at
individual consumers, there is not a need for expedited delivery.  In MC, however,
even with weekly aggregated orders, bulk of this quantity is not yet commonly
achieved, not to mention that there is the need for expedited delivery which thus
requires air shipment, which is the most energy intensive method of
transcontinental distribution (Battles, 1999).
We did find one case where a MC manufacturer was very aware of and avoided
the energy intensities of a long range distribution infrastructure.  For example,
Bivolino, who operates two manufacturing facilities in Eastern Europe, has
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intentionally limited its distribution range to less than 2,000 km and will not ship to
overseas customers (Byvoet, 2009).
Perhaps the clearest point of energy savings found in MC distribution of men’s
dress shirts over MP is at the point of sale.  In our documented examples in the
first section and for the general analysis of this paper, we distinguished MC from
MP in terms of online retail and bricks-and-mortar retail, respectively.  While this
is not always the case, as mass produced shirts can be purchased online and MC
shirts can be purchased offline, we found our distinctions and definitions to be
most commonplace in practice and thus relevant for drawing conclusions.
For MP, where the final product is displayed and ready for purchase at a retail
store, there are numerous sources of embodied energy and material use in action.
First, and most apparent, is the energy needed to operate the building, such as
lighting, heating, cooling and electricity.  While these costs are absorbed by and
spread out across many other products that the store might sell, we found in some
cases that products can sit on the shelves for months, if not entire seasons at a
time, before it is sold.  Another, more subtle, source of energy utilization found in
retail stores is the embodied energy of the display fixtures and other physical
materials needed to market and present the product.  While there are many
strategies available to lower and offset the costs of building operation and product
marketing, this source energy is never consumed during the online MC process.
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Lastly, perhaps the least understood, and yet possibly the most energy wasteful
component in the product life-cycle of MP, is the energy utilized by the consumer
in his travel to and from the retail store to purchase the dress shirt.  Building from
our assumption that the average American male consumer will drive his own
automobile three to five miles to the nearest retail location to purchase a dress
shirt, we believe this is one of the key factors that make MP significantly more
energy intensive than MC.  According to a recent study by the Logistics Research
Center comparing the environmental impacts of conventional vs. online shopping,
“when a customer shops by car and buys fewer than 24 items per trip… the home
delivery will emit less CO2 per item purchased” (Edwards, 2009). They found that
on average, conventional shopping trips emitted 4,274gCO2; whereas delivery
from online shopping only emitted 181gCO2 (Edwards, 2009).  There are many
other factors that contribute to this assumption and should be carefully considered
in further research, including these questions: Is the consumer making a single and
special trip to purchase the dress shirt? Are there other passengers during the trip
who might help absorb the total energy costs?
Post Transaction & Consumer Experience
The final stage in the product life-cycle of a men’s dress shirt that we examined
was for the period after which the consumer had decided the purchase (or not
purchase) the shirt.  Within this life-cycle stage we outlined 3 post-transaction
scenarios for both mass customized and mass produced shirts, include: use pattern,
returns, and resale/redistribution. While some of these scenarios are very
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intangible, we discovered evidence that strongly supported our hypothesis and
made it clear that mass customization is indeed less energy intensive.
Use Pattern
Fit, function and personalized style are the key tenets of MC that distinguish it
from MP particularly after the customer starts utilizing the product (Piller, 2006).
Combining these characteristics of MC translates to better clothing ergonomics,
greater comfort, and a reduced need for additional tailoring (i.e., more traveling).
We also expect this to translate into more frequent utilization and a higher level of
customer care for MC products, thus reducing the customer’s need for purchasing
more shirts and subsequently decreasing the overall negative environmental
impacts found in manufacturing and distribution.  For example, Spreadshirt.com, a
MC web platform for making consumer products such as casual apparel, bags, and
cups, conducted a survey on its t-shirt customers and found that 36% said they
would wear their custom T-shirt every time that it was cleaned (Eggers, 2009).
Returns
One of the largest energy and material use advantages of MC over MP is in
product returns.  According to a 1999 survey of apparel manufacturers conducted
by the Reverse Logistics Executive Council (RLEC), the average return rate for
MP apparel was 20%, and in some cases, where MP shirts were sold online, the
return rates were as high as 40%.  In stark contrast to these rates, in our industry
interviews we found that MC apparel returns ranged from 1% - 4% (Byvoet,
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Possen, Eggars, Teel, 2009).  This reduction has dramatic implications for reduced
energy use because product returns create additional customer travel to and from
the original retailer.  From the RLEC survey, it was reported that over one-half of
the MP shirt returns were caused by defective or damaged goods, and of those,
nearly 30% were thrown out and destroyed.  On the other hand, MC
manufacturer, Bivolino, reports approximately 4% returns, where 50% of the total
returns can be repaired and returned back to the user and 25% are remade, leaving
1% that are discarded (Byvoet, 2009).
From our interviews, we found that some MC manufacturers require customers to
first send the shirt back for analysis and verification, before any additional action is
taken.  This requires additional energy for transportation and shipping, however, it
can eliminate the possibility of over-production by pin-pointing small
manufacturing errors that can easily be repaired, instead of replaced.  MC
manufacturers can further reduce the transportation and shipping energy costs by
co-locating analysis with production.  After the initial purchase and the associated
first purchase time costs, MC producers should expect even lower returns with
better customer databases, adjustments made by the customer and MC provider,
and better body scanning technologies.
Markdowns / Re-sales & Redistribution
In addition to the high level of MP apparel returns and its energy utilized, an
equally large amount of energy and materials is utilized for MP products that are
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re-sold and re-distributed in secondary markets.  In fact, according to Sander’s
1996 MP apparel retailer interviews, 42% of the product value is lost due to end
of the season mark-downs and discounts on apparel that was not initially sold.
Comparatively, in MC, there is no need for mark-downs and discounts as there are
no extra products manufactured.  In MP, when product still remains on the retail
shelves even after significant mark-downs, an additional distribution cycle is set in
place for secondary markets such as retail outlet stores.  While this can effectively
recover a portion of the lost value, we see this as a large and redundant source of
energy and material use.  Clearly, MC has distinct advantages over MP in this
stage of the product life-cycle due to more integrated customer involvement and
interaction, more precise return and repair capabilities, and the absence of
redundant distribution cycles.
Conclusion and Future Work
In our research we have identified a number of key areas where we can compare
and contrast MC and MP strategies and present anecdotal evidence including retail
experience, inventory, cutting/sewing, packing, distribution, packaging, and
returns. This initial comparative research of a portion of the energy and
environmental impact on MC and MP product lifecycle leads us to believe there
are significant benefits in thoroughly expanding and scientifically quantifying this
analysis.  Our current research was focused on processes that can be measured
through material waste, transportation, embodied energy, time, and labor costs.
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However, the more difficult to measure purchasing behavior and use patterns will
be extremely valuable in ultimately determining their impacts on the entire product
lifecycle.  Determining whether or not a piece of purchased clothing is used
frequently, never, just one time, or even “re-gifted” potentially has dramatic
impacts on the energy use.  Differentiating the affect of MC vs. MP clothing these
areas will be an additional area to research.
The main result of our research and conclusion we have come to is that mass
customization, over the entire product life-cycle is indeed more energy and
resource efficient than is mass production, however, where these energy savings
were found within the life-cycle came from surprising and subtle places.  From the
outset we assumed that certain aspects of both systems (MC / MP) were more
energy and resource intensive, such as the manufacturing technique of single ply
cutting found in MC, or the large inventory requirements for mass production
lines.  Similarly, we knew energy and resource savings would be found in both
systems, such as large volume shipping found in MP, or the little-to-no need of
warehousing and physical retail space for MC.  For most of these examples the
energy intensive processes either negated the energy savings, or the processes
were simply shifted upstream or downstream within the product life-cycle.  For
example, we found that upstream shift was commonly the case for material
inventory in mass customization – essentially this means that the same amount of
total material is still in the product life-cycle; it is just shifted to another party.
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To our surprise, where we found the most energy and resource inefficiencies in
MP systems, and which led us to our conclusion that MC embodied less energy,
was at the end of the product cycle – when the product was in the hands of the
consumer.  Specifically, this was the case when the consumer either decided to
return the mass produced shirt, or the shirt was not purchased at the original retail
location and had to be re-distributed.
Lastly, researching the capital investment costs of setting up an MP or MC
manufacturing facility, website, and distribution network, will also be a key factor
in understand the total product lifecycle.  The question of total space per unit of
end product and overall energy utilized product activities like design and
marketing will need to be considered. Cooperation from MC and MP
manufacturers will be crucial in the next phases as access to detailed knowledge
and data will provide the basis for a robust framework and methodology. Our
eventual goal is to establish a new area of research called “Green Customization”
which focuses on the creation of highly customizable products and services with
green performance benefits.
Acknowledgements
We are most grateful to Professor Frank Pillar, at RWTH Aachen University in
Germany for his help not only providing a clear framework for our case study in
men’s custom dress shirts, but also access to his vast network of industrial
contacts. This enabled us to interview leaders in MC and MP manufacturing and
Environmental Impacts of Utilizing Mass Customization: Energy and Material Use of Mass
Customization vs. Mass Production
Submitted to 5th World Conference on Mass Customization & Personalization MCPC2009 24
acquire the necessary process knowledge and specific data needed for our analysis.
We like to thank the following for making the effort to interact with us: Michel
Byvoet (Bivolino), Jud Early (TC2), Jana Eggers (Spreadshirt), Marybeth Luber
(Archetype Solutions), Bas Possen (Customax), Seph Skeritt  (Proper Cloth), Dan
Teel (Brooks Brothers), and Paul Wallend (French Rags). We also like to thank
Brennan Mulligan and Dr. Muditha Senanayake for sharing their long time
research on MC.
References
Battles, S. (1999), US Department of Energy: Report on Energy Efficiency in the Transportation
Sector. http://www.eia.doe.gov/emeu/efficiency/ee_ch5.htm
Byvoet, M. (2009), Telephone interview with Michel Byvoet, founder of Bivolino, mass custom
manufacturer of men’s apparel. http://www.bivolino.com/
Early, J. (2009), Telephone interview with Judson H. Early, Corporate Vice President, Chief
Technology Officer of TC2, a provider of solutions for the sewn products and related soft
goods industries specializing in technology development and supply chain improvement.
http://www.tc2.com/index.html
Edwards, J.B., McKinnon, A.C., Cullinane, S.L. (2009), “Carbon Auditing the ‘Last Mile’:
Modeling the Environmental Impacts of Conventional and Online Non-food Shopping.”
Logistics Research Center, Heriot-Watt University.
Eggers, J. (2009), Telephone interview with Jana Eggers, CEO of Spreadshirt, a worldwide
creative platform for personalized apparel. http://www.spreadshirt.com/
Luber, M. (2009), Telephone interview with Marybeth Luber, CEO of Archetype Solutions,
Archetype-Solutions, a provider of end-to-end solutions for mass customization technology
and services for the apparel industry. http://www.archetype-solutions.com/
Rogers, D. (1999), Apparel Manufacturers Survey, Reverse Logistics Executive Council (RLEC)
Projects, Chicago. http://www.rlec.org/Projects_Research/ApparelSurvey&Results.pdf
Piller, Frank T. (2005). “Mass Customization: Reflections on the State of the Concept.”The
International Journal of Flexible Manufacturing Systems, 16, 313-334.
Environmental Impacts of Utilizing Mass Customization: Energy and Material Use of Mass
Customization vs. Mass Production
Submitted to 5th World Conference on Mass Customization & Personalization MCPC2009 25
Possen, B. (2009), Telephone interview with Bas Possen, founder of Customax, a maximum
customization company. http://www.customax.com/en/
Sanders Consulting (2005), “Why Mass Customization is the Ultimate Lean Manufacturing
System”, ETH Zurich, Retailer Interviews (Men’s Dress Shirt conducted in 1996).
Skerritt, J. (2009), Telephone interview with Seph Skerritt, Founder of Proper Cloth, a men’s
custom shirt manufacturer based in New York City. http://propercloth.com
Teel, D. (2009), Telephone interview with Dan Teel, Plant Manger of Brook’s Brothers, Garland
North Carolina Plant. http://www.brooksbrothers.com/
Submitted to 5th World Conference on Mass Customization & Personalization MCPC2009 1
Converging Cross-Industry
Innovation Management - Example
Green Technology
Dr. Nikolas Beutin Dr. Sven Mekwinski
Partner/Consultant, Germany Marketing Manager, Germany
Nikolas.Beutin@gmx.de Sven.Mekwinski@gmx.de
Abstract. Green technology with its green products and services is constantly and
rapidly changing the rules of the game in presumably „old industries“ creating sometimes
enormous new markets. Driven by consumer demand, new green laws, new
environmental standards, internal cost pressure, large governmental subsidies and high
and further rising energy prices, companies face a totally new situation and need to enter
new markets and businesses. Moreover, industries more and more converge within the
“Green Technology”. To be successful in this new and ever more komplex environment,
companies have to change their innovation and product development strategies,
processes and methods. Furthermore, cooperations and internal changes are inevitable.
We will show the challenges and possible solutions in the Automotive, Building and
Glass Industry.
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1. Introduction
All around the topic „green energy“ there are fast growing markets for clean
products and services. Companies with an excellent innovation and technology
management can enter new business areas profitably and quickly. Using these
chances, the so called Greentech Industry more and more becomes a leading
industry in Germany and Europe. Many actual studies predict a growth of 5-30%
p.a. in the environment technology sector (see e.g. Roland Berger 2009, McKinsey
2009). Product management, marketing, sales, R&D and production typically face
enormous challenges which can only be solved by cross-functional, across the
value-chain and cross-industry approaches. Moreover, comprehensive marketing
strategies are necessary to ensure bringing product ideas from niches to the mass
market.
2. Changing Framework and Situation
Regardless which country or industry is looked on, environmental laws and
regulations becoming getting more and more strict (see e.g. Beutin 2009). Also,
customer and consumer demands change - sometimes unexpected – more quickly
than in the past and demand for “green solutions” as e.g. the triumph procession of
the Hybrid car in the US has shown. Furthermore, the risen and at least in the mid-
term expected to be further rising energy prices (electricity, gas, oil, coal etc.)
force companies to rethink their production processes and products under the issue
energy efficiency. In addition to these trends, large and mostly country-specific
subsidies add to the pressure on becoming green, but also produce sales and
market chances. Companies which act fast can more easily and more quickly enter
the profit zone. Exemplary areas are e.g. the automotive sector with low emission
cars, the building technology with low energy houses, the green IT trend, or the
energy industry with the obligation to introduce “smart metering” latest in 2010.
The classic approach and myth of many companies that economy and ecology are
contrary to each other has been resolved for quite a while. Today, major
companies rather act like “opposite attracts” as e.g. the campaigns of large
industrial companies like GE, Siemens, ABB etc. show. Siemens for example has
started the largest company campaign called “Siemens answers” and offers
according to own statements the largest “environmental portfolio” with sales of
about 19 bill. EUR globally (see Dowideit 2009). But to truthfully (and
successfully) implement these marketing campaigns, one has also to develop the
necessary products and services and to redesign the own innovation processes.
Last, this green trend has another interesting effect: classical industry barriers
erode and industries converge. As an example we will look at batteries. Formerly,
batteries were produced by “classical” companies such as Energizer, Varta,
Duracell and Panasonic. Nowadays with the “convergence”, we see manufacturers
from automobiles, MP3-players, mobile phones and many other products as well
as large suppliers such as e.g. Bosch do research on batteries. A similar
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convergence can be observed in other green (or to become green) industries such
as IT & telecommunication, construction & energy, solar & glass and many others.
3. Examples of Converging Green Industries
Example 1: Glass and Solar Industry
About one quarter of the global energy demand comes from residential buildings.
European governments and the European Union have pressed the issue of new
energy efficiency houses and energy efficient renovation and modernization in the
last years. The German government alone provided a budget of 8 bill. EUR for
energy efficient buildings at the end of 2008 / beginning of 2009. In the US the
congress passed two packages with 143 bill. EUR (EESA) and 608 bill. EUR
(ARRA) for the modernization of electricity grids, renovation/modernization of
buildings, renewable energies and new battery systems (see
French/Renner/Gardner 2009). From a technical point of view insulation, windows
and heating technology are the most effective measures (see Seifert/
Augter/Kempkens 2009). The market potential is enormous, McKinsey for
example estimates the potential to be roughly 180 bill. EUR in 2020.
The glass industry has proven in the past to be quickly and profitable able to react
to (outside) challenges. Basis for this innovation management is the production
technology which follows the idea of mass customization (see Interpane 2009).
Using the so called “float technology” the basis product is produced in large
quantities and is finished according to the application. An example might be
insulation glasses which are produced in large quantities in the first step and then is
finished as e.g. insulation glass for residential building windows, sun glasses for
commercial building applications, safety glass for trains or cars or even glass
panels for fridges. So the manufacturers can adjust the glass to the different needs
of the different target groups, especially the insulation requirement (U-value)
according to the desired heat. Furthermore, the customer can configure the
structure (e.g. ornaments, mirror glass) and options (e.g. safety glass) at the
dealer. The newest development is that the end customers even can fit the desired
glass into a window at building material merchant as e.g. OBI, Praktiker and
Hornbach (see Mekwinski/Maniera 2007).
Though seemingly a total different business field, glass manufacturers have
invested in solar technology a few years ago. In cooperation with solar system
producers special glass products were developed. Today, the “solar products” are
a significant part of the business of glass manufacturers as e.g. Schott, Schollglas,
Pilkington, Saint-Gobain. This example demonstrates the necessity to invest in
research in non-core competency industries. Due to the flexible technology
mentioned above, the glass manufacturers were able to exploit the first mover
advantage and secure a significant and profitable part of the solar industry market
(see Cooper/Edgett 2008). Recently the solar market is rather flat and has changed
from a sellers’ to a buyers’ market with prices dropping by 20%, but due to the
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early and good positioning glass manufacturers are better of than the solar system
producers emphasizing the importance of early investments and external
cooperation in cross-industry innovations (see Murphy 2009).
Example 2: Electrical Car Industry
The German government plans to bring a million electrical cars onto the streets till
2020. An already launched program of 500 M EUR is supposed to kick-start the
development and testing of related products. Due to totally different technology,
companies from many varying industries have to change and adapt their current
products, production technology and strategies – some companies might even
loose the foundation of their business as e.g. piston manufacturers. Related
supplier industries are e.g. manufacturers of batteries, motor parts, powertrains,
brakes, tires, electrical parts, chemicals etc. However, also companies in totally
different businesses could be involved such as manufacturers of networks, mobile
phones, PCs. Moreover, a often neglected but essential player are the utility
companies. One just has to think about what challenges are coming to electricity
grids if suddenly 1 million cars recharge at 7 p.m. after driving home from work.
The trend therefore poses a paradigm change for many different industries (see
Becker 2009). All players in the market know that one company alone cannot win
the race for a mass automobile. Thus, the association BDEW has started an
initiative that includes automobile, utility, battery, chemical and electrical industry
companies that aims to coordinate and integrate cross-industry efforts (see Mueller
2008).
4. Solution Approaches for Companies
As an answer to these challenges companies can use an innovation framework to
successfully develop a market for product ideas from cross-industry applications.
We call this framework “innovation excellence approach” (see Figure 1 and Beutin
2009). In the following, we will point out the important issues with regard to the
cross-industry product and service development.
Figure 1: Innovation Excellence Approach
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Changing the Innovation Strategy
Many companies think of themselves (and promote it in their strategies and annual
reports) as innovative companies. Very few companies can however prove this
with Innovation KPIs or benchmarks. For the employees to able to truthfully
follow the cross-industry approach advocated from us, a company has to formally
state this in their innovation (and preferably also company) strategy. Moreover,
budgets for this kind of R&D has to be allocated, otherwise this will remain a lip
service. We advice companies to develop a “innovation map” and differentiate
innovation in cross-industry, break-through, product/service and process
innovation. In a second step, goals, budgets and KPIs should be assigned.
Redesign of the Innovation Process
Doing cross-industry innovation requires for most companies a redesign of the
innovation processes. By this we do not mean the product development process,
but the full innovation process (see e.g. Beutin/Reissfelder 2009). Since this
process starts with market information we suggest that the product management
has the ownership for the whole process. Experience has shown that giving the
ownership to the R&D department almost certainly leads to (process) failure since
the engineers are too deep involved in their own companies markets and products
an do not manage do a “neutral sidestep”. Basis for this new innovation process
should be “Stage-gate-Process” (see e.g. Cooper/Edgett 2008) with clearly defined
transfer phases. Due to the probably very different goals of the involved persons
one has to allow a longer cycle time than usual. Therefore, we advice to conduct a
“stakeholder and risk analysis” before starting an innovation project.
Systemization and Changing of Used Innovation Methods and Tools
One of the core elements is to “look beyond one’s own nose”. Therefore, a
different type of manager is needed for cross-industry innovations. Not only does
one need an interdisciplinary team with participants from different units (esp.
purchasing, sales, marketing, service) - furthermore, externals should be included
in the innovation management. In doing this, most companies will find that their
existing methods and tools are not appropriate anymore. We have found that
cross-industry innovation need especially end-customer-oriented methods for
identifying, developing and evaluating innovations. Thus, new approaches such as
netnography, community research, blog analysis, configurators, virtual product
clinics etc. should be used more often. Interestingly, we have observed that these
methods also work very well in B2B environments – whereas their prevalence in
B2B currently practically “zero” is.
Realign the Internal Organization
We have observed that many innovations are not pursued since they do not seem
to have an ROI fast enough. Quite often, wrong or too short calculation and
payback periods are the reason for this. Considering the current crisis, many
companies should rethink their ROI and payback demands for projects. We hope
that some of the rejected projects from the last years will be pursued in the next
years. Also, companies should consider that most of the times customers do not
Converging Cross-Industry Innovation Management - Example Green Technology
Submitted to 5th World Conference on Mass Customization & Personalization MCPC2009 6
act rationally – as an example, customer decision criteria rank more around the
purchasing price than focus on TCO/LCC (see e.g. McKinsey 2009).
Another major factor is the downsizing or even miniaturization of customer
segments. Today companies face the issue of mass customization more than ever.
A good example is the car market with ever more different car types to fulfill the
needs of rather small customer segments. As in the glass industry, companies
therefore have to solve the balancing act between developing products for the
mass market, but still addressing individual needs in configurations. Companies
have to further standardize product modules and processes where the module
configuration in the end leads to an individual product (see
Müller/Reichwald/Piller/Mekwinski 2007). To check the suitability for the mass
market in the end, we strongly advice market research methods such as conjoint
analyses or product configurator tests which are to our knowledge currently
systematic used by less than 20% of all companies.
Extensive External Research Cooperation
External research cooperation is core to a cross-industry innovation approach. We
have observed that companies with structured and means-end-oriented
cooperation are more successful. For example, the energy and utility industry
becomes more and more important cooperation partner for many other industries
such as cars, TVs, building & construction, household appliances, pumps, solar,
glass etc. Studies have shown that cooperation – if done in the right way - does
not necessarily slow down the innovation process, but can rather fasten it by
eliminating unnecessary steps.
5. Conclusion
Even or especially leading firms in the industries need to constantly monitor
developments in nearby industries and businesses. Winner in the innovation
competition are those companies that have a systematic innovation management
starting with the right strategy, a good idea screening, and a short time to market.
Years ago, it had been sufficient to define a sound product development process.
In the last years, cross-functional approaches could help to gain competitive
advantages. Today, the challenge has again changed to a need for a cross-industry
innovation management. To do this successfully a company has to again redesign
the whole innovation management and possibly use different completely innovation
methods and tools in a different process than in the past.
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Abstract. Mass customization (MC) has become increasingly popular as a business
strategy over the past few years, particularly due to changing customer expectations. In the
mean time, from a much broader perspective, the problems and limits of current
development practices, in terms of environmental degradation and exhaustion of natural
resources, have begun to surface.  Thus, over the last 20 years, there’s been an increasingly
urgent search for workable approaches to sustainable development with an emphasis on
economic prosperity, environmental protection and societal well-being. While MC has
emerged as a business solution to meet diverse customer requirements, sustainability in the
design, manufacturing, use and post-use handling of these MC offerings is an issue
companies must now give serious thought to. Therefore, it is also important that mass
customizers adopt a more holistic and product lifecycle-oriented approach that leads to
closed-loop SC practices rather than focus on one, or a few, discrete stages of the life-cycle
individually. This paper is aimed at appraising the benefits and challenges to MC from a
sustainability perspective and at offering insights for further research.
Keywords. Mass Customization, Sustainable manufacturing, life-cycle, product-service
systems.
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Introduction
Mass customization (MC) has become increasingly popular as a business strategy over
the past few years, particularly due to changing customer expectations. Customers are
now more knowledgeable and have higher, more diverse expectations; they are no
longer satisfied with standard products but seek better-quality products customized to
meet individual requirements and also expect low cost and fast delivery.
In the mean time, from a much broader perspective, changing population dynamics,
the corresponding rise in resource requirements, globalization of markets and
increased economic development (particularly in countries like China and India),
increasing fuel prices etc., have shown the problems and limits of development in
terms of environmental degradation and exhaustion of natural resources.  Thus, over
the last 20 years, there’s been an increasingly urgent search for workable approaches
to sustainable development, i.e. one “that meets the needs of the present without
compromising the ability of future generations to meet their own needs” (UNWCED,
1987) with an emphasis on improving the so-called Triple Bottom Line (TBL):
economic prosperity, environmental protection and societal well-being (Elkington,
1998). These emerging conditions and resulting legislation have made sustainability in
business operations no longer a choice but a necessity, one that begins with making
the supply chain (SC) more sustainable (Mahler, 2007).
While MC has emerged as a business solution to meet diverse customer
requirements, sustainability in the design, manufacturing, use and post-use handling of
these MC offerings is an issue companies must now give serious thought to
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(Badurdeen and Liyanage, 2009). As pointed out by Piller (2003), MC can play a
complementary role in developing highly sustainable products. MC requires a change
in the paradigm from how consumer-producer relationships are managed all the way
to how the MC products are manufactured (MacCarthy and Brabazon, 2003; Piller,
2005); the customer involvement necessary to develop the MC products, resulting
opportunities for user innovation and the make-to-order philosophy can all be
explored by companies to develop better, more sustainable products. However,
sustainability requires following a cradle-to-cradle (McDonough and Braungart, 2002)
philosophy where virgin resource usage is minimized by rechanneling used items over
and over back into the SC, without sending to landfill. Therefore, it is also important
that mass customizers adopt a more holistic and product lifecycle-oriented approach
that leads to closed-loop SC practices rather than focus on one, or a few, discrete
stages of the life-cycle individually. This paper is aimed at appraising the benefits and
challenges to MC from a sustainability perspective and at offering insights for further
research.
Sustainability and the Supply Chain
The essence of sustainability is to improve the living standards of all people while
enabling future generations to benefit equally. This means doing more with less
resources and also reducing the adverse socio-economic and environmental impacts.
Achieving truly sustainable industrial practice requires a complete shift in product and
process design, planning, operations management, facility maintenance, etc. and
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overall in more holistic approach to sustainable manufacturing and sustainable SC
management (SSCM).
For sustainable manufacturing, the primary requirement is a focus on the total
product lifecycle from pre-manufacturing, manufacturing and use through post-use
stages. Secondly, there needs to be an approach to ensure closed-loop material flow
across these lifecycle stages, to ensure continued re-channeling of resources across
multiple lifecycles. Among the earlier approaches to promote this was the so-called
“3R concept” of the 1990’s (UNEP, 2005) which focused on reduce, reuse and
recycle. However, sustainability-oriented manufacturing practice needs to focus on a
much broader, innovation-based 6R approach to reduce, reuse, and recycle as well as
to recover, redesign, and remanufacture over multiple product lifecycles (Joshi et al.,
2006). Each of the six R’s in the 6R approach can be defined as follows:
· Reduce: use of less resources across-board and the application of
continuous improvement (lean) strategies
· Recovery: collecting used products from consumers
· Reuse: of the recovered products, a proportion can be cleaned,
repaired/reconditioned and sold for reuse
· Remanufacture: disassembling non-reusable products and collecting
components of them for including in new products
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· Recycle: examining and collecting non-reusable products/components for
recycling for materials that will be used in place of virgin material in making
components.
· Redesign: integrating design for sustainability principles in the products to
incorporate the other R’s
Application of the 6R’s will enable closed-loop material flow, unlike the cradle-to-
grave practice of using products and discarding them at the end-of-life to achieve the
TBL is illustrated in Figure 1.
Figure 1. Application of the 6R’s across Product Lifecycle Stages for TBL (Badurdeen et al., 2009b).
The activities in the four lifecycle stages of any product will be performed by a
number of companies spread across the SC. This indicates that adopting a closed-loop
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material flow perspective for sustainability in business operations mandates a closed-
loop approach to SC design and management. Therefore, conventional SC practices of
focusing only on designing, producing and selling a product is no longer sufficient.
The post-use stage, in some respects the stage most important from a sustainability
perspective, needs to be explicitly considered in designing the product and the SC. A
SC map illustrating the application of the 6R’s as a platform to achieve this integration
across the SC partners for sustainable SC management (SSCM) is shown in Figure 2.
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Mass Customization and Sustainability
The traditional model of design-make-sell in make-to-stock manufacturing takes place
without customer interaction to meet the needs of a ‘typical’ consumer, often leading
to resource wastage. On the contrary, in MC consumers become active participants—
through co-design— and the offering is produced only after having buyer commitment.
Therefore, with MC, the result is a customized product for each individual to meet
their specific requirements, identifying the individual differences and providing
opportunities to satisfy those needs. Thus, MC is a better business model from a
sustainability perspective because only what truly adds value for customers is
produced.
Opportunities to Promote Sustainability
Innovation and sustainable performance must go hand-in-hand (Holliday and Peppers,
2001; Dormann and Holliday, 2002). The co-design process— ‘collaborative value
creation between two or more actors’ (Piller, 2005)— used in MC offers a very
effective means to promote innovation for sustainability to ‘make more with less’. The
potential for exploring co-design/co-creation to develop sustainable innovations for
corporate benefits has been raised in the literature (Masse and Dorst, 2006). MC
enables exactly this process leading to highest value addition through information
sharing in the collaborative co-design process. MC also requires achieving close to
mass production efficiencies leading to innovation and cost effective approaches to
product and process design (Piller, 2007). When the collaborative value creation
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process is organized starting with consumer needs and is aimed at meeting those
requirements through innovation, as is done in MC, it can lead to social,
environmental, and economic sustainability.
The time consuming process of co-designing a MC offering increases the
switching costs for consumers, often leading to greater customer buy-in and brand
loyalty (Piller, 2007). But a more significant factor is that successful mass customizers
do not end the consumer-manufacturer relationship with the sale; the process is
continued through a customer-oriented after sales service to develop a lasting
relationship, motivating repeat sales by encouraging avoiding high switching costs.
These practices unique to MC provide greater opportunities for mass customizers to
promote an enduring relationship with the consumer, essential to a develop closed-
loop material flow for sustainable manufacturing.
The Limitations
MC is an emerging strategy and most companies engaged in MC are still exploring
means to improving their capabilities: identifying product attributes suitable for
customization (Salvador et al., 2009), how to produce and deliver MC offerings
economically and in a timely manner (use of latest manufacturing technologies; rapid
prototyping, laser sintering, CAD/CAM, etc.), investigating innovative approaches to
customer involvement and co-design (product configurators, etc.), etc., etc. All these
activities, if looked at from a product lifecycle perspective, are focused on the first
three stages:
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· Pre-manufacturing: elicitation & co-design, procurement of raw
materials/components, in-bound logistics, etc.
· Manufacturing: planning, scheduling and production of the MC offering
· Use: out-bound logistics, delivery of MC offering, after sales support, etc.
Thus, most mass customizers are still not explicitly considering the post-use stage:
how the products are recovered at the end-of-life, what opportunities exist to promote
reverse flow of the product (or components), how to benefit from the reverse material
flow, etc. Many (even mass manufacturers) are selectively choosing to consider
reverse flow of components, products or packing materials when there are economic
benefits, when threatened by competitive pressures (e.g.: toner manufacturers
recovering empty cartridges to avoid third-party, lower cost competitors getting
access to them) or when legislative regulations require the take-back of products [ e.g:
WEEE (EC, 2002a), EOLV (EC, 2000) directives].
Product Lifecycle-based Approach to Mass
Customization
The need to integrate environmental and societal issues in business operations has
gained considerable momentum in recent years. For example, “producer responsibility”
legislation has been driving product and SC redesign particularly in the European
Union [e.g.: WEEE (EC, 2002a), ROHS (EC, 2002b) and EOLV (EC, 2000)
directives]. Germany’s adaptation of the EOLV directive— he ELV Act— mandates
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auto manufacturers to recover and reuse 85% of end-of-life vehicles by 2006 (by
empty weight) and requires them to be collected not more than 50 km from the owner
at no cost, a mandate that in effect demands major redesign of products as well as
SC’s (Ahn et al., 2005). While such regulations are still being imposed in many other
countries and often seem to apply to mass manufactured products, to remain
competitive mass customizers, too, must proactively seek to transform their business
operations integrating the TBL aspects.
As discussed in the previous section, the major limitation as MC is being practiced
by the majority of companies at present is the limited emphasis to the first three stages
of the product lifecycle (pre-manufacturing, manufacturing and use) and the treatment
of these stages discretely. However, for sustainability and to ensure closed-loop flow
of materials, it is essential that mass customizers focus on the total lifecycle, including
the post-use stage. This lifecycle perspective, if adopted for sustainable manufacturing
by incorporating the 6R methodology and design for X (DfX, where X =
manufacturing, assembly, disassembly, environment, sustainability etc.) concepts will
enable developing MC offerings that are more environmentally friendly (or benign) and
socially acceptable.
As has been repeatedly discussed in literature, making the business case for
sustainability— to economically produce environmentally and socially acceptable
products— has been one of the challenges faced by the sustainability proponents. This
is because adopting a sustainable manufacturing practice often leads to higher costs in
the initial lifecycles of a product (leaving the benefits to be reaped in later lifecycles),
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an unfavorable outcome when corporate performance is measured by short term
profitability and return on investment. However, companies engaged in MC are often
innovative, following a riskier business proposition than mass manufacturers who have
a well established market demand and follow the design-make-sell strategy. Therefore,
in this context, higher costs at sustainable product lifecycle onset may be more
justifiable/acceptable than with mass manufacturers.  Also, MC companies aim for
longer-term relationships with their consumers— partly assured due to the high costs
consumers have to pay for switching to a different mass customizer— a useful trait
when going for a total product lifecycle approach. In addition, it is found that
consumers are willing to pay a slightly higher margin for MC products than for
standard off-the-shelf alternatives (Sanders, 2000). This could be a means to share
part of the higher upfront costs of sustainable MC offerings with the consumer (and
reduce the burden on the mass customizers) in return for lower product costs for them
in the subsequent lifecycles when less virgin material will be used. Given these aspects
of the producer-consumer relationship and price structure with MC, there are a
number of opportunities available for mass customizers to incorporate sustainable
manufacturing practices. A few strategies that could be promising are briefly discussed
in the following sections.
Following an Asset Management Perspective
 Asset management is often referred to in the context of managing internal assets
(financial, human or engineering) of a company. Focusing on physical assets, the
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British Standards specification PAS 55 defines asset management as “systematic &
coordinated activities and practices through which an organization optimally and
sustainably manages its physical assets and their associated performance, risks and
expenditures of their lifecycles for the purpose of achieving its organizational strategic
plan’ (Woodhouse, 2007). While this could be interpreted the ‘conventional’ thinking
on what constitutes asset management, from a sustainability perspective, it may now
be necessary that we extend this definition to products manufactured by a company.
Such an extension will allow the manufacturer to become the steward (owner) of the
product throughout its entire lifecycle; consumers are then mere users of the product
during one stage of the lifecycle. The advantage of this practice is that retaining
ownership and responsibility for the product during all the lifecycle stages, particularly
during post-use, forces greater responsibility on the manufacturer to design and
manufacture products for sustainability. As regulatory requirements are enforced
mandating manufacturer take-back of products at end-of-life (e.g.: EOLV), adopting
as asset management perspective to manage them could become very beneficial.
Using the Product-Service System Concept
One business model to mobilize such an asset management perspective for
manufactured products is the product-service system (PSS) concept. A PSS involves a
shift from the conventional practice of selling a product to selling the utility. It is
defined as ‘the result of an innovation strategy, shifting the business from  designing
and selling physical product only, to selling a system of products and services which
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are jointly capable of fulfilling specific client demands’ (Manzini and Vezzoli, 2001).
What makes PSS distinct from products is that companies need to maintain an active
relationship with the consumers after the sale to ensure the utility is delivered
throughout the use phase. In addition, this continued relationship places companies in
a better position to play a more responsible role at the post-use stage when the
physical product reaches its end-of-life. Some examples of PSS include Kluber’s
selling of customized lubrication services (including the lubricant) to meet specific
consumer needs, AMG’s (of Italy) solar heat service which is aimed not at selling one
product to the consumer but a combination of different energy sources to sell heat as
the final product (Manzini and Vezzoli, 2001).
While the physical ‘product’ of a PSS could be standard and mass manufactured,
each consumer may use this product differently. This makes the PSS essentially a
customized offering where some co-creation will be required and it epitomizes a MC
application (Piller, 2003). Most cited PSS examples are not identified as MC offerings
or vice versa; however, all PSS will require some form of MC of the product, service
or both. It must also be noted that not all PSS do not automatically turn out to be
sustainable. However, because the concept allows the manufacturer to retain
ownership of the product throughout the lifecycle, PSS offers a means to develop
more sustainable solutions to meet customer needs.
Thus, the PSS concept offers a great opportunity for mass customizers to begin
considering products as value generating assets that must be managed throughout the
total lifecycle for developing more sustainable MC solutions.
Badurdeen, Liyanage and Gupta: Product Lifecycle-based Approach to Mass Customization
Submitted to 5th World Conference on Mass Customization & Personalization MCPC2009 14
Conclusions
As a business strategy, MC has become increasingly popular over the recent years. In
the mean time, there has been increasing concerns over the resource exploitation-
based economic development patterns and the resulting negative impacts on the
environment and society. This has brought about the need to consider the triple
bottom-line— environmental impact and societal well-being in addition to the
economic benefits— in business operations. To promote sustainable manufacturing of
products, it is essential to focus on the total lifecycle of pre-manufacturing,
manufacturing, use and post-use. This consideration of the total product lifecycle
perspective needs to also be adopted in the production of MC offerings. Considering
the product as an asset that needs to be managed throughout its lifecycle and the PSS
concept both offer opportunities for companies to develop more sustainable MC
offerings.
However, when developing sustainable MC offerings, there are several aspects
that need further study which may not be concerns with mass manufactured items. One
question is, how similar the MC offerings are likely to be in consecutive lifecycles for
the same consumer and between different consumers— this will determine how much
of the reuse and remanufacture of the recovered products and components,
respectively, is possible. With mass manufacturers, products are often standard and,
even with high product differentiation, there will be a higher probability of reusing and
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remanufacturing in subsequent lifecycles. Another question that needs more
investigation is how to approach product design; modular designs lend themselves
better for disassembly and reuse. Also, a related item is whether some forms of MC
are more amenable to applying the multi-lifecycle approach than others (e.g.
standardized customization vs. pure customization).
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Abstract The inbuilt obsolescence of the fashion system and its ever faster cycles
creates large volumes of waste, as clothing is discarded long before its useful life is over,
with 60% of what is thrown away recoverable. The Size UK survey of 2001-2 found that
the average female was size 16, yet the fashion clothing choices available do not meet
the needs of a wide sector of the market. The fact that many items of clothing do not fit
well contributes to the landfill problem. Considerate Design for Personalised Fashion
Products seeks to develop personalised fashion and accessories to meet consumer
needs for individual fit and comfort. The intention is, through personalisation, to increase
consumer engagement and use of garments, whilst providing support for designers in the
fashion industry  by developing a sustainable design methodology for designers and a
tool that enables them to access the relative environmental impact of design options.
The project draws on three practice-led sub-projects situated at different sectors of the
market: the mass market through ‘Knit to Fit’, radical innovation in the fashion industry
through rapid prototyping techniques and the bespoke market through the work of
innovative designer makers.
Keywords:  personalised fashion; considerate design, sustainability, knitwear, rapid
prototyping, bespoke
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Introduction
The consumer of fashion products is caught in a dichotomy between the desire to
conform to current fashion (and to afford fashionability), and the desire to stand
out and be recognised as an individual. The personalisation of fashion is a means of
combining these two conflicting goals. At the same time, in a changing
demographic which now includes a sizeable aging population who still wish to be
fashionable, personalisation is also driven by the need for clothes to fit better and
meet individual preferences. The technology to support personalisation is
beginning to reach maturity: accessible body scanning technology can provide body
measurements in a fairly unobtrusive way and increasing automation in design and
production tools can create the appropriate means. The Considerate Design for
Personalised Fashion Products (CDPFP) project combines personalisation with
sustainability to enable consumers to meet their needs and wants in the most
sustainable way possible. This paper discusses the three design subprojects within
CDPFP, which investigated these issues using three product scenarios at very
different positions in both the market and innovation spectrum, all using body
scanning for personalised shape and measurements. After outlining the particular
challenges of the fashion industry, the concept of Considerate Design is introduced
with an explanation of the project methodology. The three subprojects are
described before conclusions are drawn in the final section. .
Background to the project
The inbuilt obsolescence of the fashion system and its ever faster cycles creates
large volumes of waste, as clothing is discarded long before its useful life is over,
with 42% of textiles thrown away in the UK being reusable clothing (Morley et al
2009: 14).The Size UK survey of 2001-2 (Treleavan 2003) found that the average
female was size 16, yet the fashion clothing choices available fail to meet the needs
of a wide sector of the market. A significant contributory factor to the landfill
problem is that many items of clothing do not fit well. Fit is more than a matter of
linear measurement: a three-dimensional profiling of bodyshape reveals large
differences across similar measurements. Size information, is interpreted by
manufacturers according to their own production and economic values and
constraints, with a bewildering array of brand-specific fit and sizing still leaving a
great many individuals unable to find clothing which meets their needs. Addressing
both these problems, Considerate Design for Personalised Fashion Products seeks
to develop personalised fashion and accessories to meet consumer needs for
individual fit and comfort. The intention is, through personalisation, to increase
consumer engagement and extend their use of garments whilst providing support
for designers in the fashion industry: the project is developing a sustainable design
methodology for designers and a tool that enables them to access the relative
environmental impact of design options. The CDPFP project was developed as a
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collaboration between the London College of Fashion and Cambridge Engineering
Design Centre (EDC), and now involves the Open University Department for
Design, Development, Environment and Materials. A previous paper ‘Developing
Considerate Design: meeting individual fashion and clothing needs within a
framework of sustainability’ was presented at the MCP07 conference and has
subsequently been published in the book Making Customer Centricity Work:
Advances in Mass Customisation and Personalisation.(Piller and Tseng 2009)
This outlined the rationale, context and concept for the Considerate Design project
and its proposed methods, including a method for costing the design effort of
personalisation. The present paper reports on the results of the practical sub-
projects which were used as case studies and outlines directions for further work.
The intervening period has witnessed an ever increasing awareness of sustainability
issues throughout the manufacturing, transport and retail sectors, growing
particularly strongly in the fashion industry at production, retail, media and
consumer levels.
The Fashion Industry Context
The clothing, footwear and textile sector is economically significant, the fifth
largest industry sector, employing up to 40 million worldwide, of which up to 19
million are employed in China, 2.7million in the EU and 400,000 in the UK,
(excluding retail), where it is the same as the aerospace and automotive sectors
combined. Over recent decades, the fashion life cycle has become an increasingly
global manufacturing phenomenon: raw materials and garments travel around the
world due to production taking place in low wage countries for consumption in
developed countries, where many clothes end up in landfill or re-exported after a
short use period. Fashion consumption in the UK has grown significantly in recent
years: there was a 37% increase in the amount of clothes purchased per capita
between 2001 and 2005 (Allwood et al 2006:12). At the same time, globalisation
of production, increased competition and consumer demand  have resulted in
accelerated fashion cycles which in turn have led to a culture of ‘fast’ and
disposable fashions. The result is also a decrease in prices- clothing is relatively far
cheaper than in previous decades (whereas housing, transport and cost of living
have risen) - but at what ethical and environmental cost? As fashion has become
cheaper and more disposable, careless overconsumption means a significant
proportion of garments are hardly worn before being thrown away - they have
become expendable. Many don’t fit well enough, are poor quality, or simply don’t
suit people’s tastes. Fashion’s inbuilt obsolescence is intrinsically unsustainable, but
the desire for fashionable renewal is an inherent cultural construct: fashion is also a
powerful economic driver, sustaining global industry and employment – a
contradiction at the heart of contemporary fashion consumption which Black has
termed “The Fashion Paradox” (Black 2006, 2007, 2008). To increase the
acceptance and longevity of clothes, one response is to personalise garments, so
that they fit people better and meet their individual needs and tastes. However,
personalisation of clothing poses particular challenges compared to other product
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sectors, because fashion production consists of small batches over a large product
range, sold at low profit margins. Therefore fashion designers need tools and
processes to help them incorporate environmental assessment into their daily work
practice in order to create more sustainably designed products which will also
engage the individual consumer for longer. The CDPFP project is researching the
relevant issues for sustainability and developing tools based on this concept.
Historically, both the consumers of fashion and the fashion industry have
largely sidestepped these problematic issues. However, in the wider context of
climate change and improved global communications, a strong momentum has
developed within the industry in the last few years, although sustainable clothing
production is still a small fraction of the overall market.
Only very recently have initiatives such as the UK Government’s Sustainable
Clothing Action Plan (Defra 2008) and publications such as Sustainable Fashion
and Textiles (Fletcher 2008) or Eco Chic: the Fashion Paradox (Black 2008),
raised awareness of environmental and ethical issues for fashion and textile industry
designers. Compared with other sectors such as the built environment, product
design or food, awareness and action for sustainability in fashion has been slow to
develop in both the industry and the consumer - the fast moving and constantly
changing nature of fashion appears fundamentally contrary to the spirit of
sustainability, time and price sensitivities mitigating strongly against it.
Fashion offers a huge potential for personalisation and the sustainability
benefits resulting from it: consumers in the UK spend about £780 per head per
year, purchasing around 2.15 million tonnes of clothing, (35 kg per person) of
which one eighth is sent for re-use through charities and the rest is discarded.
(Allwood et al 2006:2 ) In 2006, this consumption was worth more than £13
billion by value (Morley et al 2009 Technical Report:17). According to Ecologist
magazine, the average woman now buys fourteen items a year that she never wears
(Ethical Fashion Special, February 2007)
The Considerate Design Concept
The Considerate Design concept (Black and Eckert 2007, 2009) aims to address
the complex issues within fashion and sustainability in an accessible manner by
considering all aspects of the fashion life cycle – from materials, design and
manufacturing to consumption and end-of-life scenarios, and considering the needs
of the user through personalisation and co-design. Considerate Design makes new
links between personalization, sustainability, and cost. It aims to support designers
in making sustainable decisions about the design and production of garments and
accessories to maintain profitability, whilst meeting the personal needs of
consumers and evaluating the costs of these activities. The economic importance of
the fashion industry is kept in constant view, but it is contended that the endemic
wastefulness within the fashion system can be mitigated by greater knowledge and
understanding, whilst maintaining the important social, economic and cultural
functions of fashion in society.
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With comparatively low unit costs and small runs, it is critical that
personalization can be achieved in a cost effective way. The ability to address
sustainability issues such as waste, traceability and transport miles in addition to
design factors adds a burden which many fashion designers, already working under
great time pressures, are currently unwilling or unable to take on. The concept of
Considerate Design has been developed in response to the particular challenges of
the highly competitive fashion industry, to assist designers who are working under
strong commercial constraints, and often subject to management decisions where
price points are paramount, determined by marketing and buying teams. The aim is
to empower fashion designers to think about sustainability issues, their design role
and decision making processes within their sphere of influence and responsibility,
and balance the often conflicting priorities and issues for personalisation within the
design process and the nature of fashion itself.
Considerate Design addresses the questions: can emerging technology and
digital processes within fashion help to address the fashion paradox of transience
and sustainability, and reduce fashion consumption by enhanced personalisation of
fashion products? Can user engagement with the creation of clothing, knitwear and
accessories create a different and longer lasting relationship with clothes?
Approaches and Methods
The Considerate Design for Personalised Fashion Products project has been
exploring the concept of Considerate Design across three separate designer-led
collaborative sub-projects, each reflecting different parts of the fashion spectrum,
from potential mass market to cutting edge innovation and traditional craft-based
processes. All projects make use of body scan data to explore personalization and
custom fit, and two used rapid prototyping technology to create 3D forms from
scan data. The team comprised six core researchers, and a research associate from
a textile design background: five design practitioner/researchers from London
College of Fashion including the PI; a specialist researcher in process modeling for
design as Co-I from Cambridge EDC and later the Open University; and external
design consultants and software collaborators from industry. The three subprojects
were carried out by the team’s designers, who developed innovative products and
at the same time reflected on their processes. They were regularly interviewed and
visited by the RA and the investigators. Each sub-project took about 6 person
months over the two-year period as follows:
a) Knit to Fit, led by Sandy Black and Penelope Watkins, on 3D made-
to-measure seamless knitwear using Stoll industrial knitting machinery
and quality wool yarns.
b) Evolving Textiles, led by Philip Delamore, on the use of rapid
prototyping technology for body conforming textile-like products, in
collaboration with external partners including Dutch design company
Freedom of Creation (FOC).
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c) Bespoke Bags designed to conform to the body, made by Steven
Harkin in collaboration with Frances Geesin using her experimental
metal-plated materials.
The Considerate Design concept was developed in parallel as a meta-project to
which the individual design projects contributed as case studies.  Two separate
tools have been investigated. The first is a simple visual tool for designers to assess
the environmental impact of a particular design on several dimensions, developed
through a series of workshops with fashion designers and experts. The second is a
process modeling tool, which uses the P3 software (Wynn et al 2006)1 developed
in the Cambridge EDC for engineering projects, here used to simulate the design
process involved in customizing a garment or bag in order to assess the financial
viability of personalization.
Product designer Jonathan Chapman (2005: 51) writes in Emotionally Durable
Design on the failure of our relationships with consumer products:
Most products are capable of creating even a small amount of empathy at the point of
purchase; from this point on, however, product longevity  is soberly dependent upon the
sustainability of that empathy. … Waste, therefore, is a symptom of expired empathy, a kind of
failed relationship that leads to the dumping of one by the other.
Personalisation is one means to create engagement or empathy and reduce product
replacement and consumption. The dimensions of Considerate Design (See Figure
5) were developed through the project designers’ prior knowledge, and a detailed
literature study, validated in 3 workshops with external designers and design
educators, to arrive at an intuitively understandable terminology and grouping of
important issues.
The Design Sub-projects
The selection of the three case studies was to some extent opportunistic, however
they distinctively represent different sectors of the fashion industry, one of the
‘creative industries’ which are currently flourishing in the UK. The development of
highly innovative fashion and accessories by designer makers combines craft based
processes with technology, whereas the knitting project builds on the long tradition
of knitwear industry in the UK, even though knitwear and fashion manufacturing
has largely moved off shore, driven by cheaper labor costs. The automation of the
manufacturing process through 3D knitting produces integral (seamless) garments
in one piece directly from the knitting machine, almost entirely removing the need
to make up garments manually. This creates an opportunity to bring high value
service-based production back to the UK.
1 See www-cam.eng.ac.uk/p3/
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Knit to Fit
The Knit to Fit concept explores the application of state of the art 3D knitting
technology to individual body measurements. The project has developed a palette
of simple seamless sweater styles customised to an individual’s body shape and
style preferences, (comprising 5 different necklines and 3 types of edge trims, and
wide colour choice, see example in Figure 1), and will compare costings for
different production routes and design choices. This project is positioned in the
commercial spectrum of knitwear production using the latest Stoll Knit and Wear®
industrial knitting technology, and combines expertise in knitwear design and
technology (Black 2002, 2005) with stretch pattern profiling (Watkins 2005). The
contribution to Considerate Design is therefore in personalized garments to give
enhanced comfort and fit and localised individual production made to order.
Figure 1 Designing seamless shoulder, sleeve and neckline configuration. Photo S Black
The research is evolving a new method of creating personalised knitwear starting
with individual measurement data derived from bodyscans, imported into the
proprietary software. The Stoll Knit and Wear® pattern creation software includes
a library of style patterns, which simulate traditional fully-fashioned knit garments
using essentially 2D chart (pattern) construction to produce a 3D knitted garment.
However, there is no provision for the digital application of ease allowance for fit
preferences in relation to direct body shape measurements. Traditional pattern
profiling relies on the aesthetics of a drape fit irrespective of body shape; Knit to
Fit addresses these fit and shape preferences, allowing the wearer to choose how
tight or loose fitting their garment will be. Three key stages are required to create a
true digital ‘custom fit’ for 3D knitted garment designs:
· 3D body scanning- defining the measurement data set for automatic
extraction;
· the ‘Form Fit’ 2D pattern generation procedure (Watkins 2005) and the
application of ease allowance, according to customer preference.
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· compatibility with the knitting machine to interpret the pattern profiles
to produce a seamless 3D garment via a technical
programmer/operator, to meet customer’s fit and style parameters.
Comparisons between bodyscan data and extended manual measurements
highlighted discrepancies and a poor match with the inbuilt knitting software.
Comparison between traditional fully fashioned knitting and the 3D knitting
technology formed part of the study, which also aims to cost the design
development effort for a personalised knitwear service, taking into account
programming and prototyping time. The digital creation and programming of each
design is a significant element of the production process, and full exploitation of
this complex technology depends on communication and flexible interpretation
between the designer and technical operator, which has already been very
problematic in traditional knitting and co-located designers (Eckert, 2001; Sayer et
al 2004). Thus the technology has been slow in uptake by mainstream industry due
to cost and complexity.
There are both benefits and drawbacks to the production of seamless
garments. Although reducing the time from concept to product, any faults or
damage render the entire garment unviable, potentially creating more waste. The
complexity of the programming and number of simultaneous production
operations mean that on average, more sample iterations are required, perhaps
33% (three or four rather than two or three). In mitigation, once optimized, the
technology offers great opportunity for added value through personalised design
content and better fitting garments for increased comfort and satisfaction, which
could reduce the number of garments consigned to landfill due to bad fit or poor
choice. Similar to bespoke fashion, design and production costs for complete
garment knitting are high per individual garment, but can be traded off against
reduction in labour costs for making up, efficient yarn usage once optimized, and
greater customer satisfaction. Costs balanced against potential savings therefore
need to be carefully calculated. Eckert (1997) modelled the processes by which
simple design changes may impact the range of customisation options in fully
fashioned knitwear. Future work will address the cost comparisons arising from
the new paradigm of seamless complete garment knitting.
Three-dimensional knitting technology can therefore provide one means to
achieve a ‘fashion on demand’ business utilising a ‘neo cottage industry’ model,
evidenced in trial boutiques set up in Japan by leading knitting machine builder
Shima Seiki (Shima 2005).
Evolving Textiles
This exploratory project investigates the use of additive layered manufacturing , in
particular laser sintering of PA12 evolved from rapid prototyping (RP)
technologies developed for engineering and product design, and applies it to a new
form of textile-like construction to explore the making of bespoke items which
conform to the body, such as shoes (Delamore 2005), accessories, and eventually
garments. The collaborative team, led by a textile designer who learned the
technical processes, comprises fashion/textile and industrial product designers,
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software developers, and RP experts and materials suppliers. During the project a
flexible glove was generated consisting of separate three-dimensional links similar
to medieval chain mail. In 1999 designers Freedom of Creation (FOC)
demonstrated proof of concept for these textile-like linked structures, which have
long term potential for clothing applications2.The project aimed to create a design
solution which links the laser sintered textile (2D sheet) proposed by FOC to
generative software capable of producing a continuous 3D surface textile which
conforms to a 3D bodyscan shape. The glove (Figure 2) was created as proof of
concept, to develop the tactile qualities and flexibility of the original FOC concept.
Figure 2   Fourth iteration of flexible glove produced by laser sintering technology.
Image David   Sweeney/Digital Fashion Studio
Discussion on the topic of sustainability applied to the digital manufacturing
process of laser sintering raised several interesting questions, some of which
remain unanswered. Does the environmental impact of the materials and power
consumption outweigh the benefits over conventional production, assuming that
machines and raw materials still have to be transported. Could localized
production include the development of self-build machines and local materials?
This would enable designs to be uploaded to the internet and accessed globally3.
2  Refer to website FOC www.freedomofcreation.com
3 Online platform Shapeways enables anyone to create 3D designs online and have them
manufactured in a number of materials using RP technology, and shipped directly.
(www.shapeways.com  accessed 10.06.09) .
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Successful iteration of the software through three stages of design
prototyping has enabled a continuous 3D textile to be automatically generated over
a scanned surface. This implementation has been modeled to give a map of the
product development process which shows the potential to give an excellent result
for highly adaptive and customisable products with low logistical impact, where
integrated components can be digitally stored and shipped for localised
manufacture.
Future research will identify modifications to existing techniques to allow a
flexible end product to be produced to meet specific needs in terms of shape and
conformability. The long term goal is to send the instruction for production to local
rapid prototyping machines, similar to current desk-top printers, enabling on–
demand manufacturing with minimal waste, together with the development of
appropriate new and sustainable materials (Delamore 2004).
Bespoke Bags Case Study
Bespoke handmade bags represent traditional craft techniques and materials such
as leather, here combined with experimental metallised materials to produce a
luxury range of customisable bags and cases. During the project many of the
challenges small businesses face in attempting to produce personalized sustainable
products were highlighted. The Considerate Design project has developed
personalised bespoke bags using body scanning to create component parts fitted to
an individual’s body shape, using RP technology. For example, a made-to-measure
shoulder bag was created using a cast of the client’s shoulder (Figure 3) produced
on an RP machine from body scan data. The cast became a mould for the final
component part fashioned in leather.  The personalized craft production process is
described here.
Figure 3 Moulded leather shoulder panel modeled over 3D form generated from body scan
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Steven Harkin is a designer maker of high quality handbags in distinctive designs
with high aesthetic values, which last for many years. A range of 40 different basic
bag designs are offered, made to order in small batches by himself and an assistant.
When placing an order, the customer selects colours from a range of 16 vegetable
tanned leathers. While most orders are standard shapes and sizes, some bags are
customised to individual customer measurements. As a small business, Harkin
works with a number of suppliers, but he cannot test their sustainability assertions
nor can he influence their colour schemes. Harkin responds to evolving fashion
trends with different bag designs each season, however the ideas for his most
successful designs are often those that he works on for long periods of time. The
design of a new bag typically starts with an idea and sketches, but quickly moves
on to making a physical prototype. Having over 20 years experience in designing
and making handbags, Harkin can switch smoothly between sketches, 2D cutting
and a 3D prototype. While he can visualise a bag before he begins to make it, a
physical prototype using the right materials is necessary to see that the components
can be reliably assembled. There are often several rounds of iteration and
experiments with new materials and techniques to get the details just right,
following which, samples are made in several colour combinations. The collection
is therefore a combination of slowly evolving designs and new pieces for particular
seasons. For a design maker, customisation is fairly straight forward, but still has a
price. If the shape is same and the material is in stock, costs are very similar, as
each bag is hand made anyway; differences in shape require different cutting
patterns, although being very experienced this does not take long. However
customisation increases the scope for mistakes and reduces the economy of scale.
Steven Harkin’s design process has been modelled as a P3 model, Fig 4.
Through the CDPFP project, Harkin  is collaborating with Frances Geesin,
Reader in Materials and Textiles at LCF, incorporating her engineered fabrics into
bags and accessories to create new work, based on their respective approaches to
materials, aesthetics and form. Geesin’s research practice is a continuous
investigation into textile, fibre and process, often adapting or combining materials
from industrial applications such as water filtration, or protection from electro
magnetic radiation. She has developed the electroplating of fabrics over many years
– a process of producing a metal surface or object by controlling the
electrodeposition of metal passing through an electrolytic solution onto a metal or
metalized form. Harkin’s practice incorporates unusual materials such as
aluminum, perspex and wood into the leather bags. Their collaborative work has
been based on an experimental approach where aesthetics and durability are major
considerations. The project has developed truly customized bespoke bags using the
body scanner to build special components to ensure that a bag worn on the body
can follow the curvature and unique form of the individual’s shape. The costs of
this personalization process will be used as a case for the P3 modelling tool.
The successful integration of unique metallised fabrics into bespoke bags
which conform to individual body shapes has combined aesthetics, materials,
function and form in distinctive designs. Therefore an investment accessory can
become a practical luxury, justifying its costs as a handmade item by its longevity
and both the physical and emotional durability of its design (Chapman, 2005),
demonstrated by the desirable patina of usage gained over time with materials such
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as leather. The contribution to Considerate Design is therefore enhanced durability
and longevity, through user engagement a highly personalised bespoke process.
The Considerate Design Tools
Process modelling tool to assess the cost of personalization processes
Automated mass customization is currently being offered for products such as
jeans or trainers, where adaptations to specific body measurements or personal
preferences can be automated with minimal design input. However, except in the
simplest cases, a certain amount of redesign needs to be carried out by the
designer. As the unit cost is relatively low for fashion items, design time is a
considerable proportion of final costs and design costs may easily be
underestimated. The P3 process modeling technique (Wynn et al. 2006) developed
in the EDC in Cambridge for complex engineering process, was applied to the
fashion case to assess the risk of customization and investigate the question: how
much design work is viable for a customizable range? A discussion related to
pattern customisation for fully fashioned knitwear can be found in Eckert et al
(2008), Black and Eckert (2009).
The scenarios examined through a simple problem a fundamental question of
mass customization, the design and selection of the choices offered to customers
based on the expected sales figures. Through a process simulation it offered the
following choices a) a small number of standard designs with variable factors such
as colour or material, which don’t require additional design effort, b) a wide
variety of initial designs, which could be adapted with minor alterations to
individual measurements or c) to redesign each garment individually. Future work
will apply the P3 modelling tool to the personalized Knit to Fit project seamless
knitwear process.
Simple visual footprinting tool
As the notion of a visual foot print is intuitive to a fashion designer, the project
team decided to develop a simple version of an eco footprinting tool specifically
for fashion designers. Through the project’s structure and methods such as
workshops, the different factors affecting the production, consumption and
disposal of fashion products were identified. Some of these are outside the control
of the designer, such as customers’ previous education and understanding, or the
legislative framework they are working under. However, the dimensions over
which a designer has some control, such as materials, transport or design concept
were confirmed as dimensions of the footprinting tool, seven in all [Figure 5] in
which the impact of each is indicated on a scale of 0 to 10. As many of the
dimensions are themselves complex, a further level of analysis can be similarly
applied to each dimension with its own footprinting diagram.[Figure 6]
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Figure 4 :  Model of bespoke bag process including time spent per task.
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Figures 5 Footprinting visual tool showing comparison between analysis of three knitted
garments
As a result of the project workshops, in which garments designed by
participants, the case study products and commercial garments such as knitwear
and jeans were analysed using the tool, further refinements have taken place. Two
key challenges for resolution emerged: how a designer mentally calibrated the tool
based on prior knowledge, and the issue of trading off between parameters in order
to make informed decisions for the design and life cycle of the garment.  Finally,
feedback was sought from individual designers in industry, working as
designer/makers, design managers or within larger teams. The final design and
development of a software tool are planned for a further related project.
Conclusions.
The CDPFP project portfolio structure, incorporating process modelling and
concept definition as meta projects, has tested real problems and provided a
foundation for further development towards a toolkit for the benefit of
fashion/accessories designers in small and large companies. Both Knit to Fit and
Evolving Textiles design projects have developed and tested the integration of
bodyscanning measurement data with industrial manufacturing systems in order to
offer a ‘seamless’ integration of data, each requiring the development or adaptation
of software, enabling new models for  personalised services to be constructed.  The
Bespoke Bags project has demonstrated the flexibility for personalisation inherent
in the bespoke service, utilising a new integration of body scanning technology
with traditional craft process. All projects provided case studies for the
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overarching Considerate Design concept, linking personalisation with sustainability
and providing data to evaluate costs.
The knowledge generated has helped to establish the parameters and
requirements for an accessible Considerate Design process tool for the fashion
industry sector, not previously addressed in sustainable design research. An
additional benefit is the two-way exchange of knowledge and understanding
between fashion and engineering. As fashion processes are far simpler than
engineering processes, this context enables the rapid exploration and evaluation of
the process modeling environment. Using real examples, learning generated from
the fast-moving fashion industry can quickly be applied to the engineering sector,
for which product cycles span a much longer timescale; at the same time, the more
systematic evaluation of decision making processes and design effort can
contribute data for further research into realistic costings of personalised and co-
designed fashion products.
As commercial retail systems continue to offer consumers more individual
choice and mass customisation becomes increasingly feasible, a future can be
envisaged in which a greater proportion of fashion products are made on demand
or short order to personal preference, by combining technology with the craft skills
of fashion in service oriented systems, providing alternatives to the current stock
only system.  Enhanced customer satisfaction due to improved fit, meeting
personal requirements, and the consequent emotional engagement with the final
products, may also contribute sustainability benefits through longer use leading to
less waste. The personalised fashion systems explored in the CDPFP project
contributing to new fashion manufacturing processes and encourage  local
production, thereby reducing overall environmental footprint.
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Abstract. In recent years it has been suggested that rapid manufacturing presents the
possibility of unique or bespoke design, tailored to an individual’s need and wishes. Such
a possibility infers direct user interaction with the design of the product, however the
specification and design of a suitable toolkit, and the new design tasks a user might be
expected to undertake, have received little attention. This paper presents a user trial of
the design of a USB memory stick, and investigates the extent to which non-professional
user-designers are able to engage in design exploration and to communicate design
intent. It compares two scenarios: in the first, users sketched a design on paper without
guidance or constraint within a specified (volume) envelope; this design was then
interpreted to build a 3D CAD model which the user was subsequently able to modify. In
the second scenario users were presented with a choice of existing designs and asked to
choose one; this design was then manipulated by the CAD operator to incorporate the
user’s desired changes. The paper finds a limited ability amongst non-designers to
conduct design exploration through sketching, it also finds a conflict between
participants’ preferred design process and their most preferred designs.
Keywords. industrial design, consumer design, sketches and design, new design
processes.
Introduction
This paper is concerned with the possibility of consumers, without professional
training or experience,  engaging with the task of designing products which suit
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their own needs better than mass manufactured items. It begins by defining
industrial design and introduces some of the tasks that make up the industrial
design process. It argues that consumers who participate in mass customisation
through the use of a toolkit, whilst performing some of the tasks that are
traditionally the responsibility of the industrial designer, are not themselves acting
as designers but rather configuring a set of pre-determined options or modules. It
goes on to propose that rapid manufacturing technologies offer the potential for
the consumer to engage in the unconstrained manipulation of a product’s form,
taking greater control of a product’s function and aesthetics, and thus assuming
much greater responsibility for a product’s design.
The paper then details a user trial carried out between February and May 2009,
which investigated the ability of non-designers to design and modify a USB
memory stick. The paper analyses non-designers’ use of sketches and compares
this to their modification of CAD models of the memory stick. It also compares
participants’ preferences for self-designed products versus pre-designed products
which participants were able to modify.
The paper concludes by discussing findings from the trial, in particular the
apparent conflict between the preferred design process and the preferred design
outcome.  It also proposes areas of future research required to understand the
specification of an ‘industrial design toolkit’ that would best enable consumers to
participate in true design activities.
Context of the Study
A Definition of Industrial Design
A necessary first step is to define what is meant by the term ‘design’, or more
specifically ‘industrial design’, as that is the type of design this study focuses on.
The Industrial Designers Society of America (IDSA) defines industrial design as
“the professional service of creating and developing concepts and specifications that optimize
the function, value and appearance of products and systems for the mutual benefit of both user
and manufacturer” (IDSA, 2008).
Whilst this is a clear and sufficiently broad definition to include most of what
industrial designers do, it immediately raises a number of problems with the notion
that consumers might become engaged with the practice of industrial design.
Firstly, and perhaps not surprisingly for a professional body,  the insistence that
industrial design is a professional service means those not employed as designers
are never able to describe what they do as industrial design. Secondly the idea of
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industrial design as being to the “mutual benefit of both user and manufacturer”
excludes the possibility of consumers who manufacture their own products.
A further problem arises when searching for a more accommodating definition,
namely that industrial design is not a universally recognised term. In Europe
‘industrial design’ and ‘product design’ are often used interchangeably, the UK
Design Council, for instance, refers to product design rather than industrial design.
Although attempts have been made to define the terms individually (e.g.
McDermott, 2007), for professional designers ‘industrial design’ and ‘product
design’ are virtually synonymous terms, with many designers happy to describe
themselves in either way. In Becoming a Product Designer (Hannah, 2004) the
terms industrial design and industrial designer are used by the author and those
professional designers he interviews more than fifty times, with many designers
using both terms to describe what they do.
Ralph Caplan (1969) recognised the problem of defining industrial design in the
introduction to Design in America, writing that “I have never seen a definition that
adequately covered all of the projects that industrial design offices undertake”.
Somewhat presciently  however, Caplan pre-empted and rejected certain criteria
used in later definitions of both industrial design and product design, declaring that
designers’ work includes “designs [which] are not necessarily mass produced…
Nor is the work necessarily done for industry”
Ultimately Caplan fails, or refuses, to define exactly what industrial design is,
instead suggesting that it can best be understood by looking at the process and
outcome of industrial design activity. However subsequent attempts have taken an
observation of process and used that as a basis for definition:
“Industrial Design - the conception and planning of products for multiple reproduction - is a
creative and inventive process concerned with the synthesis of such instrumental factors as
engineering, technology, materials and aesthetics into machine-producible solutions that
balance all user needs and desires within technical and social constraints.” (Fiell and Fiell,
2003).
The above definition does not immediately allow for the possibility of
consumers designing for their own needs (the inclusion of the phrase ‘multiple
reproduction’ is problematic, though it could be argued that consumer-designed
products are potentially reproducible, even if only one is made); nonetheless it is
more accommodating of consumer design than the earlier IDSA definition.
Furthermore, by describing some of the tasks of the industrial designer it enables a
quantification of the extent to which the consumer is acting as a designer. Thus,
with the expectation that such definitions will change to fit the reality of how
industrial design tasks are performed in future, this paper uses the Fiell and Fiell
definition as the basis of understanding what industrial design is.
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Is Mass Customisation Design?
Within Mass Customisation (MC) literature the term ‘user design’ and the notion
of ‘user-as-designer’ are commonly used to describe the tasks and outcomes of a
consumer engaged with a MC toolkit (e.g. Ciccantelli and Magidson 1993, Franke
and Piller 2004, Koren and Barhak 2007). Randall et al. (2003) make the claim
that “with user-design systems, the professional designer is replaced by the user.”
Understandably such descriptions cause concern amongst industrial designers, who
point out that users of a MC toolkit are almost exclusively involved in the
configuration of pre-existing modules or options, and that the task does not
amount to a process such as that described by Fiell and Fiell.
Clearly, within a typical MC scenario, the professional designer is not replaced
as claimed above, since the professional designer was responsible for the design of
the product which is being customised, as well as, in many cases, defining the
parameters within which the consumer is able to configure the standard product.
When using a customisation toolkit the user is acting in part as a designer, to the
extent that the user is performing some of the tasks that traditionally have been the
exclusive responsibility of the industrial designer. But whilst MC undoubtedly
offers the chance to consumers of engaging with the product creation process, it is
difficult to argue that the consumer is truly acting as a designer.
Whilst the customer may be performing some of the tasks which would
otherwise be the responsibility of the industrial designer, e.g. choosing colours and
materials when using the NikeID configurator, or choosing a processor type when
ordering a Dell computer, these are only a fraction of the decisions a designer
would make in creating the product. In almost all cases, mass customisation offers
no opportunity to change a product’s form other than by choosing a different
model, no opportunity to affect the usability or ergonomics except in ways a
designer has already considered, no way of arguing that sustainability should be a
higher priority, etc. In any case choices can only be made from an existing list or
menu: the product has been ‘pre-designed’ to a criteria over which the consumer
has no influence. It is this last point - the inability to arrive at an outcome, the
possibility of which has not already been considered - which determines that user
involvement in mass customisation is not design.
This should not detract from the value that MC does hold for consumers; it is
clear that for some customers in some fields, mass customisation brings real
benefits. Mass customisation also changes the nature of the design process - it
demands that the designer give up some control over the final outcome of the
product. It can lead to configurations which the designer does not approve of, and
it removes, to some extent, the idea that the designer knows what is best for the
individual consumer. Ultimately however, the consumer in the mass customisation
process is an unequal partner.
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From Mass Customisation to Consumer Design
Mass customisation allows consumers the possibility of creating unique products
which match their functional or aesthetic requirements better than a standard mass
produced item. Typically it does this by modifying a pre-existing product or by
configuring a new product through a choice of options determined by the
manufacturer (von Hippel and Katz, 2002). However there are a small number of
examples which step outside this conventional model by offering the consumer the
chance to directly influence a product’s form. Three of these examples are briefly
considered below.
FluidForms: A web-based Flash interface which allows consumers to
manipulate the cylindrical form of a salt and pepper grinder.
Control points can be moved to influence the external
profile of the grinder, with limits set such that the internal
grinding mechanism will always fit inside the volume.
Computer numerically controlled production technologies
machine the final form from contrasting wood laminates.
http://fluidforms.eu
ZapFab: A web-based Java application which allows consumers to
manipulate pre-existing abstract 3D models. Object
properties such as diameter, number of twists, colour etc
can be altered through sliders, and the resulting form can be
saved and further modified by any other user. Designs are
produced using Z-Corp 3D printers.
http://www.zapfab.com
Studio:ludens: A number of web-based Flash applications, one of which
(named epa:kato) allows consumers to create coasters for
cups, wine glasses etc. Users can choose an existing design
or a ‘blank’ template as their starting point, control points
can then be added and moved to influence the shape of the
coaster. The final product is laser cut from sheet plastic.
http://www.studioludens.com/
Although these examples do not fit within a rigid definition of a product
configurator, they clearly satisfy more open definitions of customisation toolkits,
such as that of Franke and Piller (op. cit.): “A toolkit is a design interface that
enables trial-and-error experimentation and gives simulated feedback on the
outcome.”
Such examples thus differ from services such as Ponoko and Shapeways, which
manufacture consumer-created designs in one-off (or greater) production volumes,
in that the latter require consumers to possess a degree of skill in an ‘external’
software program such as Adobe Illustrator or Google SketchUp. When using the
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services offered by Ponoko or Shapeways, the potential exists for the consumer to
submit an impossible-to-manufacture design, whereas a basic requirement of a well
designed toolkit is that it precludes this possibility.
FluidForms, ZapFab and Studio:ludens therefore represent the first moves  from
configuration toolkits to true industrial design toolkits. They do not allow the
consumer to undertake all the tasks of a professional designer. Nor do they allow
the design freedom of consumer manufacturing services. However such design
toolkits do give the inexperienced consumer-designer ‘free-form’ design
opportunities, whilst providing the reassurance that a given design is
manufacturable. As such they demonstrate what may be possible when more
sophisticated design tools are put in the hands of consumers. Beyond these
examples however, an understanding of the new tasks a consumer might wish (or
be expected) to undertake has received little attention.
Rapid Manufacturing
In recent years it has been suggested that Rapid Manufacturing (RM) presents the
possibility of unique or bespoke design, tailored to an individual’s needs and
wishes (Campbell et al. 2003). Coupled with a suitable design toolkit, RM offers
the potential of a new paradigm of MC - moving from the configuration of
components to the creation of products with unique shapes and forms (Piller,
2008).
A number of examples exist of the successful implementation of RM to create
commercial products. In the design field Materialise MGX, Freedom of Creation
and Future Factories create acclaimed pieces of furniture and lighting; in medicine
RM has been used to create custom skull implants (Materialise, 2009a) as well as
individual ear pieces for hearing aids (Materialise, 2009b); and in engineering RM
is regularly utilised in Formula One race cars  (Time Compression Technologies
Magazine, 2009) and has been used in accessories for a motion-capture sensor
system (Campbell, 2008). This paper assumes that technological advances in RM,
in particular advances in surface finish and the mechanical properties of materials,
will continue such that rapid manufactured goods will increasingly become
acceptable to consumers.
Within this paper it is presumed that the RM technology used to manufacture
the consumer-designed products that are its subject would be an additive
fabrication process such as selective laser sintering (SLS) or fused deposition
modelling (FDM), commonly referred to as 3D printing. Definitions of RM
typically restrict it to such processes, for example Hague et al. (2007): “rapid
manufacturing is the direct production of finished goods using additive fabrication
techniques…  to deliver end-use parts directly from digital data.”
However, by insisting that RM must involve “additive fabrication”, it excludes
technologies such as the laser cutting of sheet materials (plastic, metal, rubber,
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wood laminates, etc) which is rapid (indeed it is generally faster than additive
fabrication techniques), capable of delivering end-use parts, and works directly
from digital data without the need of intermediary steps. Furthermore it has been
proposed that “by far the most important feature of RM is the tool-less
manufacturing of parts” (Mansour and Hague, 2003), which would also apply to
laser cutting. Thus, while the trial which this paper introduces is predicated on the
capabilities of additive fabrication technologies, it is ambivalent as to the use of
alternative technologies better suited to a different product or situation. The key
factor is that, through the use of tool-less manufacturing techniques, unique, one-
off designs become economically viable.
Design of the Study
Research Questions
The purpose of the trial was to investigate two main research questions:
What is the best method for consumers to conduct design exploration?
How well are consumers able to communicate design intent?
It built on the observations of (for example) Tovey (1989) Yi-Luen Do (2005)
and Purcell and Gero (2006) with regard to the way designers and architects use
drawing as a way to generate and evaluate design solutions, but sought to place
such observations more specifically within a mass customisation scenario. It also
sought to understand the practical difficulties of expecting non-designers to use
drawing in the same way that trained designers do. The intended outcome was to
better understand what future tools will best enable consumer-design, which is
addressed in the Conclusions section of this paper and which will form the latter
part of the author’s PhD research.
It should be made clear at this point that within the user trial, neither modelling
exercise (in Part I or Part II of the trial) was intended to test or replicate a co-
design exercise. Within design research, co-design can be described as a subset of
user-centred design (also called participatory design), in which the user takes part
in the actual design of the object in question as part of a design team (Binder et al.
2008). This contrasts to user-centred design itself, in which the user contributes
experience or opinions, but the designer carries out the design task (Black 2007).
In both user-centred design and co-design however, it is the designer who is
perceived to hold ‘expert’ knowledge and who has the ultimate power of decision,
and the user is relegated to the position of contributor. In contrast, this trial sought
to investigate a situation in which the participant had the ultimate power of
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decision over his or her design. In all situations where the participant worked with
the computer aided design (CAD) operator, described below, care was taken to
ensure the CAD operator did not offer opinions as to the value of any design or
decision. Advice was given only on the capability of the CAD software to achieve
a desired outcome, rather than the value of that outcome. Thus the role of the
CAD operator was that of a facilitator between the participant as designer and the
requirement to create a 3D CAD model.
Two methods of conducting design exploration
The task of the study was for participants to design a USB memory stick. This was
chosen as a relatively simple consumer electronics device whose function was well
understood by those who took part. The study was divided into two parts. In part
I, the participant was first required to undertake an unobserved drawing exercise,
followed by a design modelling exercise with the assistance of a trained CAD
software operator. In part II, participants were required to choose one of six pre-
existing designs which was then modified with the assistance of the CAD operator.
Participants were placed in one of two groups; group one conducted part I of the
exercise followed by part II, whilst group two conducted the exercise in reverse
order.
The first method of design exploration, addressed in part I of the study, may be
classified as unconstrained concepting. Participants were free to explore issues of
functionality and aesthetics with no constraint other than that the design should be
bigger than a minimum volume (the minimum size required for the electronics to fit
inside). This first method was therefore close in scope to the design process of a
trained industrial designer. The second method of design exploration, addressed in
part II of the study, may be classified as constrained concepting. Participants were
able only to modify a pre-existing design within the constraints allowed by the
CAD model. This second method is thus closer in scope to a MC toolkit
experience.
Part I - Sketching Exercise
Participants were briefed as to the task and requirements of the exercise, but
conducted the exercise unobserved such that they were in a more natural
environment and worked in a less time-constrained manner. Participants reported
spending one-and-a-half hours on average on the task, though most reported
thinking about the task over a period of days before beginning. Participants were
required to complete the sketching exercise within one week of having been
briefed.
In the briefing participants were told to create drawings on an A4 marker pad
supplied to them. A number of images were supplied of a ‘minimum volume’ USB
memory stick (see the section headed ‘Concept of the Safe Model’ below), and
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participants were shown how to use these images as underlays over which their
own designs could be drawn. Participants were instructed only to use the drawings
pads and pens, pencils, markers etc, and specifically not to create designs using a
computer. They were told that the purpose of the study was not to judge drawing
skill.
Participants were instructed to design the body and the cap of the memory
stick, and to imagine they were designing a personal product, i.e. not to consider
the needs of other consumers. It was stated that participants should not copy an
existing design, and that the more personal the design (in terms of either function
or aesthetic) the more useful it would be to the research. Participants were also
supplied with a sealed envelope of existing USB memory stick images, and told
they could open the envelope at any time during the exercise.
Finally, participants were told that whilst they could work on any number of
designs, at the end of the exercise they should have one final, favourite design.
Participants were instructed to return all drawings, even those of discarded ideas.
It was also made clear that when submitting the final design, participants should
consider how well it could be understood by someone looking only at their
drawings.
Part I - Modelling Exercise
Participants were required to return their drawings by mail such that no verbal
explanation could be given about the design. This ensured that their ability to
communicate through sketching only was tested. Drawings were then used as the
basis for construction of a 3D CAD model by a CAD software operator
experienced in making industrial design models. The CAD operator was thus
required to ‘read’ the drawings, ‘interpret’ the participant’s design intent, and
develop the 2D drawings into a 3D model (Figure 1).
Figure 1. Sketch with interpreted CAD model
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In some instances what was drawn was not physically realisable in 3D - the
participant had failed to ‘reinterpret’ the drawing and perceive the physical
attributes it implied (Purcell and Gero, op. cit.). Figure 2. shows such a failure of
reinterpretation: the indentation in the top surface is shown as breaking the side
surface in one view but not in another. In such cases the task of the 3D modeller
was to intuitively judge the participant’s intent
3D models were built using Solidworks 2007 (Service Pack 2.0) CAD
software. Solidworks is a hybrid (it allows the use of both solid and surface
modelling techniques) parametric CAD modeller, in which features are primarily
created from constrained, dimensioned sketches. One of the skills of the CAD
operator lies in understanding how to constrain sketches such that dimensions can
be altered and the model will update. Sketches which are not appropriately
constrained will cause the update to fail, which can then result in significant time
spent ‘debugging’ the problems. The software and version were determined
specifically by the use of Genoform, an automatic iterative design program that
formed part of the study (see the section headed ‘Genoform’ below).
Figure 2. Example of a failure of reinterpretation in a participant’s design sketch
Participants were invited back to conduct the modelling exercise approximately
one week after having submitted their design. They were asked to review the
model and to comment specifically on how well it captured their design intent (i.e.
did it look the way they expected). Attention was drawn to specific aspects of the
model, particularly where the CAD operator had interpreted a difficult-to-
understand drawing or feature. Participants were then asked whether there was
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anything they would wish to change about the model either to improve the design
or to correct mistakes in the interpretation of their drawings.
When the CAD model had been modified to a state the participant felt reflected
their aspirations for the design, the Genoform software program was used to
generate alternative design options. Initially ten options were generated but
participants were free to generate more if they wished. Options which were liked
or perceived as interesting were imported back into Solidworks; these reimported
options were then compared to the originator model. In a majority of cases the
participant requested changes to the originator model, based on ideas stimulated
by the Genoform options, however in no instance was a Genoform option chosen
as a ‘most favoured’ design.
Part II - Modelling Exercise
In this part of the study, participants were shown six pre-designed CAD models.
(Figure 3). The reasoning behind each design, e.g. why it was a certain size or
contained certain features, was explained; the extent to which it might be modified
was also made clear. Participants were then asked to choose one of the six models
as the basis for the rest of the exercise.
Figure 3. Six pre-designed CAD models of the USB memory stick.
Having chosen a model, participants were asked which aspects of its design
they wished to change. Where it was possible to modify the model by changing a
feature’s dimensions or parameters this change was accepted. However any
request which involved adding new features was not accepted. For example: with
the ‘grip’ feature on model 1, the number of grip details could be modified,
however a similar grip feature could not be transferred to any other model. In such
a way participants were deliberately constrained in their ability to influence a given
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design. The CAD model was again modified by the CAD operator in front of the
participant according to his/her instructions.
When the chosen model had been modified to reflect the participant’s intent, the
Genoform program was again used to generate alternative designs. Ten options
were generated initially but participants were able to request more options. Those
felt to be interesting were imported back into Solidworks and compared to the
participant’s own modified model. In this exercise Genoform was less able to
suggest new ideas or directions, and a majority of participants preferred their own
modified model to the Genoform derived options. In those who found the
Genoform options useful, none chose a Genoform option as the ‘most favoured’
design, preferring instead to modify their own model further.
Concept of the Safe Model
A Safe Model, sometimes also called a ‘keep away’ model, is a concept used by
industrial designers to understand and visualise the minimum possible size of a
product, whilst taking account of internal mechanisms and electronics, thickness of
materials, tolerances, etc. A safe model of an MP3 player for example, would be
created by ‘expanding’ the dimensions of the internal electronics by an amount
equal to the thickness of the materials used in the outer casing, plus the distance
required between the electronic components and the inside of the casing. It can
also incorporate considerations of safety, ergonomics, marketing, etc; thus the safe
model for a family car would be affected by the need for crash crumple zones,
headroom in the passenger compartment and size of boot. A safe model does not
dictate the final design of the product (though it does influence the final design),
rather it indicates the absolute minimum volume a product can be when all other
requirements are met.
The concept of the safe model was used in two ways in the user trials. Firstly,
having calculated a safe model for the USB memory stick, images of this safe
model were given to participants during briefing of the drawing exercise.
Participants were shown how to use these images as underlays which acted as
guides during design. Provided the participant’s drawings were not smaller than
the images of the safe model, their design would be realistically manufacturable.
The safe model was also used in the two modelling exercises. By modelling the
safe model inside Solidworks, any design could be superimposed to check if it
satisfied the minimum volume requirements (Figure 4). Furthermore, when setting
up the parameters for the operation of the Genoform software, the safe model
placed lower limits on the extent to which Genoform could modify the design.
Provided the participant’s drawings were not smaller than the images of the safe
model, their design would be realistically manufacturable.
The safe model was also used in the two modelling exercises. By modelling the
safe model inside Solidworks, any design could be superimposed to check if it
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satisfied the minimum volume requirements (Figure 4). Furthermore, when setting
up the parameters for the operation of the Genoform software, the safe model
placed lower limits on the extent to which Genoform could modify the design.
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Figure 4. Participant’s model superimposed over the USB memory stick safe
model, in the Solidworks CAD modelling environment
Genoform
Genoform is an iterative design exploration tool which operates as a plug-in
module to Solidworks. It is produced by Genometri, a design technology company
which develops specialised software, which was created as a spin-out company
from the National University of Singapore.
Genoform works by varying the dimensions of a Solidworks sketch; the
designer can assign which sketches Genoform can manipulate, which dimensions
within those sketches, and the degree to which the dimension can be varied. Thus
it is possible (for example) to instruct Genoform to vary a dimension of 10mm by
plus or minus 25% (i.e. a range of 7.5mm - 12.5mm). It is also possible to set
maximum or minimum values, thus the designer may decide that the 10mm
dimension can never be reduced, but can be increased by 45% (i.e. a range of
10mm - 14.5mm). In this way Genoform will run through the structure of a
Solidworks CAD model, altering dimensions by a random factor within limits
decided by the designer, and creating new iterations of the original CAD model.
Genoform will create between one and one thousand variants, as the designer
decides. Figure 5, below, shows variants of a single design created by Genoform.
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Figure 5. Variants of a design created by Genoform. The original design is in the
top left.
Trial Participants
Ten participants were recruited from within the postgraduate student body of
Loughborough University in the age ranges as shown in Table 1. Participants were
required to be computer literate as defined by daily engagement with five out of
seven of the following activities: web browsing, e-mail, social networking, chat,
VOIP (e.g. Skype), Microsoft Office software, other software. Participants were
also required to self identify as “being interested in design and new technology.”
As such, the profile of participants fitted with the findings of e.g. Bauer et al.
(2007) and Füller and Bartl (2007) regarding the types of consumer most likely to
engage in mass customisation. Furthermore, the trial excluded participants who
had trained or were working as industrial designers.
16-
18
19-
25
26-
35
36-
45
56-
65
65
+
Male 0 2 3 1 0 0
Female 0 0 3 0 1 0
Table 1. Trial Participants
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Results of the Study
The findings of the study can be divided into two main areas: the results of the
drawing exercise and the success of developing the drawings into a 3D CAD
model, and the results of the two CAD modelling exercises. In both cases the
objective was not to judge or analyse the quality of the design, but rather to gain
subjective feedback from participants about which activities they enjoyed or
disliked, and which approach resulted in the product they were most happy with.
Drawing exercise and 3D CAD model development
Table 2 shows an analysis of the drawings returned by the participants. All
drawings were analysed and coded according to the following criteria:
I(i). Number of sheets - How many sheets of paper were used in the
exercise?
I(ii). Number of drawings - The total number of sketches made during
the exercise, including sketches of ideas which were rejected.
II(i). Understanding of Safe Model concept - Did the participant
understand and follow the instructions regarding the images of the
safe model?
II(ii). Inconsistency between drawings - Did sketches exhibit inconsistent
or contradictory information?
II(iii). Understanding of orthographic projection.
II(iv). Use of annotation
III(i). Evidence of design iteration - Did the participant develop and test
the validity of a design through sketches?
III(ii). Number of different designs drawn.
III(iii). Final design identified - Did the participant make obvious which
was the final design?
IV(i). Functionality - Did the participant design a functional element in
addition to the basic functionality of the USB memory stick?
Attach (A) - A method of attaching the product
Grip (G) - A feature which allows the product to be held
more easily
Retain (R) - A method of keeping the cap in place
Other (O) - Any other form of functionality
IV(ii). Functional detailing - Did the participant include functional details
such as screws or split lines in the design?
IV(iii). Cosmetic detailing - Did the participant include cosmetic details
such as fillets or chamfers in the design?
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A B C D E F G H I J
Number of sheets returned 6 3 3 1 2 5 5 1 2 1I
Total number of drawings 5 6 6 6 7 12 21 5 7 2
Understanding of safe model concept Y Y Y N Y Y Y Y Y Y
Inconsistency between drawings Y N N Y N N Y Y Y N
Understanding of orthographic projection Y N Y N N Y Y Y Y N
II
Use of annotation Y Y Y Y N Y Y N Y N
Evidence of design iteration N N N Y N Y Y N N N
Number of designs drawn 1 1 1 3 1 2 2 1 1 2
III
Final design identified? Y N Y N Y N Y Y Y N
Functionality (Attach/Grip/Retain/Other) A GR R O O AO RO R G R
Functional detailing N N N N N N N N N N
Cosmetic detailing N N N N Y N Y N Y N
Colour & texture N Y N N Y N N Y Y N
IV
Manufacturing constraints N N N N N N Y N N N
V Existing designs (Before/During/After) A B A A B A A D D B
VI Degree of Interpretation 2 2 1 5 1 1 2 2 1 3
Table 2. Analysis of participants’ design sketches
IV(iv). Colour and Texture - Did the participant include details whose
colour or texture were specified?
IV(v). Manufacturing constraints - Did the participant consider details
imposed by manufacturing such as draft angles or material wall
thicknesses?
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V(i). Existing Designs - Did the participants look at the envelope of
existing designs before, during or after the exercise?
VI(i). Degree of interpretation - a measure of the degree to which the
CAD operator had to interpret the participant’s drawings in order
to build the CAD model. Measured on a scale of 0-5, where:
0 = no interpretation needed, the drawings were accurate
and fully resolved;
2 = some interpretation needed, the drawings were accurate
but some details were unresolved
5 = significant interpretation needed, the basic idea was
communicated but details were unconsidered or unresolved
3D CAD Model Modification
Results in this area refer to the tasks within both Part I and Part II of the trial
which involved modifying the CAD model. The results largely consist of a
comparison between the design process of Part I and Part II, and which process
yielded the most favoured design. Opinions of participants were recorded during
and immediately after the trial, and are summarised in Table 3 below.
Discussion of Results
The following discussion first considers the two research questions posed earlier in
the paper, namely:
What is the best method for consumers to conduct design exploration?
How well are consumers able to communicate design intent?
It then goes on to consider a number of further findings relevant to future
research in this area.
The two methods of design exploration available to participants in the trial were
‘unconstrained concepting’ (the sketching exercise in Part I) and ‘constrained
concepting’ (the modification of an existing design in Part II). Within the
unconstrained concepting exercise, participants were free to explore any number of
designs and to develop those designs in any direction. However the sketches
showed that only four participants drew more than one design option. Even fewer
(three) engaged in any form of design iteration, i.e. a process in which a design
idea was modified. The most common form in which drawings were returned was
a single idea, drawn from multiple viewpoints. As such, the ability of the
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participants to engage in design exploration through sketching was extremely
limited.
Agree Disagree
(no. of participants)
The CAD model was an accurate representation of
my drawings
10 0
After the model was modified according to my
instructions, the design was improved
10 0
After modification using the Genoform software,
the design was improved
7 3
Pa
rt 
I -
 D
ra
w
in
g 
ex
er
ci
se
 th
en
m
od
ifi
ca
tio
n 
of
 o
w
n 
de
si
gn
After modification using the Genoform software, I
was able to improve my design
9 1
I felt limited by the six choices I was shown 8 2
After the model was modified according to my
instructions, the design was improved
10 0
After modification using the Genoform software,
the design was improved
1 9
Pa
rt 
II
 - 
M
od
ifi
ca
tio
n 
of
 p
re
-
ex
is
tin
g 
de
si
gn
After modification using the Genoform software, I
was able to improve my design
4 6
I enjoyed the process of design in Part I more than
Part II
1 9
C
om
pa
ris
on
 o
f
Pa
rt 
I a
nd
Pa
rt 
II The final design from Part I was better than the
final design from Part II
10 0
Table 3. Participant responses to the two alternative design processes
This finding is supported by existing research into the manner in which
designers use the activity of drawing. Garner (1990) for example, suggests that
designers use drawing in two ways: firstly as a means of “exploration and
manipulation,” and secondly as a means of communication. The first is a creative
activity, a way of “conversing with yourself” (ibid.) in which multiple sketches are
used to develop a design from the first idea to the ‘best’ idea. Such sketches do
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not need to be accurate or even realistic provided they offer an insight into the
problem or possible solution. A communicative sketch, by contrast, is a method of
explaining a (partial or full) design solution (Purcell and Gero, op. cit.).
Drawings returned by participants appear to show an inability to utilise
sketching as a method of exploration. Instead most participants attempted to draw
the ‘correct’ design immediately, i.e. they tried to communicate a final design
without testing whether it was, in fact, the best solution (Figure 6). Garner (op.
cit.) identifies a “randomness” within design exploration,  and attributes it to a
“lack of inhibition” among designers to the act of drawing. Designers are often
taught that mistakes when drawing have value and can lead a design in new
directions; in contrast a number of participants’ drawings showed evidence of the
use of an eraser to remove ‘wrong’ sketches. This inhibition or discomfort with
drawing was further borne out by responses from participants, nine out of ten of
whom preferred the process in Part II where drawing was not involved.
Although their sketches showed a lack of design exploration, the need for
design iterations was implicitly recognised by all participants in their reactions to
the CAD model representation of their design. Initially all participants believed the
CAD model to be an accurate interpretation of their drawings. However, all
participants subsequently accepted the invitation to modify the CAD model, and all
believed that the design was improved by this process of modification. Participants
perceived the CAD model as a ‘sketch’ or work-in-progress which required
development, and recognised that design iteration was necessary to arrive at a
better design.
This recognition of the need for design iterations was also demonstrated in Part
II of the trial, in which participants were required to modify one of six pre-existing
designs. A majority of participants felt constrained by the choice of designs,
however all were able to improve the design (in their own judgement) by
modifying it. Again participants were able to perceive the CAD model as a work-
in-progress rather than a final solution.
The use of Genoform as an aid to design appeared to have variable success. In
Part I, seven participants felt that Genoform was useful in improving their designs,
however none felt that the software was able to provide the ‘best’ design. Instead
it proved useful as a tool for generating ideas or suggestions for how the design
might be improved. Nine participants used these suggestions to arrive at a final
design. In Part II however, only one participant believed Genoform improved on
their own modifications of the pre-existing design. A minority (four) were able to
identify new ideas within the Genoform variations and improve their designs. The
reasons for this discrepancy are unclear, however it may be the pre-existing
designs were perceived as initially more developed by participants than their own
designs.
The most significant finding from the trial comes from comparing both the
processes (constrained vs. unconstrained concepting) and the outcomes of those
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processes. As previously mentioned, nine out of ten participants felt uncomfortable
with the drawing exercise, preferring to modify a CAD model representation of a
design. However every participant believed the drawing exercise ultimately led to
the
Figure 6. An example of a sketch design without design iteration
best design. When questioned, the main reason given was, as might be expected,
that the design more closely matched their needs and wishes than the pre-existing
model. Three participants stated that they would like to imagine their design was
unique, and did not feel certain a pre-existing model would not be modified in
similar ways by others. One participant said he would be proud to show the
product to friends and explain to them why he had designed it in the way that he
had.
These results clearly demonstrate the value which participants attached to their
self-designed products. Looking more closely, a further reason which emerged was
the ability to introduce additional functionality to the product, which the
modification of pre-existing designs did not allow. All ten participants added
additional functional elements to the USB memory stick, for example, details
which enhanced grip, or methods for ensuring the cap was not lost. One
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participant shaped the device such that it could act as a bottle opener, whilst
another attempted to decrease the possibility of the product being knocked and
broken when plugged into a computer. This value placed on functionality rather
than just aesthetics, together with a preference for a design which more closely fits
the consumer’s needs, also coincides with findings from mass customisation
literature (e.g. Schreier, 2006, Merle et al. 2007).
Half the participants looked at the images of existing memory stick designs after
completing their own design, however four of these reported their reason for doing
this as an attempt to keep the design ‘pure’ for the purpose of the trial. Thus it
appears their behaviour was modified as a result of the research conditions. On
further questioning, these participants suggested that in other circumstances they
may have looked at the images to gain inspiration; it was also suggested that
looking at images after the design was complete was valuable, as their design was
‘validated’ as being as good as other designs. The five remaining participants
reported looking at the images for inspiration, and one stated that some of the
images gave her “permission” to design a more personal, less conventional
product.
Conclusions and Future Research
The trial clearly shows that participants placed significant value on the ability to
design their own USB memory stick. Products which were self designed were
valued more highly than those which were customised from pre-existing designs,
despite the fact that most participants felt uncomfortable with the process of self
design and preferred the process of customisation. Participants were generally
unable to engage in design iteration through sketching, and used drawing as a
method of recording and communicating a design rather than exploring it.
However, when presented with a CAD model representation of their own design,
participants recognised the value of developing that design through iteration in
order to arrive at a better solution. Participants placed a high priority on the ability
to incorporate additional functionality into the basic usage of the memory stick.
The trial raises a number of questions which would benefit from further
research. Of primary interest to the author is the question of how to resolve the
apparent paradox between the preferred design process and the preferred outcome.
Participants unanimously favour self designed products over modified or
customised pre-designed products, however  a clear majority did not enjoy the
drawing task required to initiate the self design process. In a setting outside of a
user trial it might therefore be expected that consumers would not engage in self
design at all, and thus never arrive at a point where they were able to assess the
value of their self-designed product. Future research should therefore investigate
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ways of capturing consumers’ design intent without requiring the consumer to
sketch or draw those ideas.
A further question stems from the issue of how to interpret a consumer’s design
intent, particularly when that intent is not well explored or developed, or when it is
physically impossible to meet all criteria. In the trial this was overcome by the use
of a designer/CAD operator, who was able to use experience and intuition to
‘second guess’ what the participant wanted to achieve with their design. In a
commercial setting this scenario would likely be impossible, as it would require the
input of a professional designer for every consumer created design. This would
suggest the need for an automated process which would replace the designer’s
intuition, or more realistically, which applied certain rules to constrain and
condition the consumer’s design. Such a system, whilst inevitably limiting creative
freedom to some extent, would also give the consumer confidence that the self
designed product would always be manufacturable. Such a system, therefore,
could be considered an advanced form of customisation toolkit, one which enabled
the consumer to move beyond configuration and engage in freeform design.
A final question arises from the value which participants placed on adding
additional functionality to their design. The trial was able to recognise that a
participant valued their design of, for instance, a grip detail. However it did not
ask the participant to compare that grip detail with, for instance, a method of
retaining the cap when removed. The results do not record whether the participant
considered a cap retention method but rejected it as less important than a grip
detail, or failed to consider a cap retention method at all. Thus the trial could not
disclose whether participants saw value in added functionality in general, or only in
the added functionality that they had designed. Such knowledge would be
valuable, particularly if a future trial were based on a more complex product.
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ABSTRACT
The notion of mass-customization has gained increased attention also in services.
Successful new business models based on Internet-technologies like Amazon.com and
iTunes have shown that the consumers increasingly can co-create and co-configure
their own offerings. In financial services niche operators such as eTrade in the United
States and eQ in Finland are examples of Internet-upstarts that have used the Internet
as a way to mass-customize the offering for a limited bundle of services.
For mainstream financial services providers the challenge is how to combine the old
logic, based on long-term personal relationships where the service provider is a trusted
advisor to the customers, and the new logic whereby the customer him- or herself can
configure the service package. This paper provides a real world case description of
how this question of mass-co-configuration of the business ecosystem was addressed in
one financial institution.
KEYWORDS: innovation, orchestration, ecosystem, capabilities, financial services
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1 INTRODUCTION
As an extension of the resource-based view of strategic management (Barney, 1986; Dierickx
and Cool, 1989; Barney, 1991; Conner, 1991; Peteraf, 1993), capability development has
emerged as one of the major areas of strategic management research (Teece et al. 1997; Collis
and Montgomery, 1995; Helfat, 1997; Eisenhardt and Martin, 2000; Makadok, 2001).
Through the introduction of capabilities the division of resources into firm-specific and firm-
addressable (Sanchez et al. 1996, Ramírez, Wallin, 2000) becomes relevant. In addition to
develop their own capabilities firms extendedly access external resources when strengthening
their capabilities (Wallin, 2006, Fung, et al. 2007, Prahalad, Krishnan, 2008). The notion of
dynamic capabilities provides new perspectives on how competition between firms takes place,
compared to the five competitive forces introduced by Porter (1980). The dynamic capabilities
view introduces such elements as ecosystems, asset orchestration, complementarities and co-
specialization as new analytical tools that were missing in the original vocabulary of
competitive strategy (Teece, 2008).
In parallel with the increased attention on capabilities there has been a stream of new ideas
about more openness in respect of innovation. The notion of user innovation has for a long
time been promoted by Eric von Hippel of MIT (von Hippel, 1976, 1986), whereas Henry
Chesbrough from UC Berkeley has introduced the term open innovation (Chesbrough, 2003,
2006). Also practitioners have advocated the benefits from opening up the innovation process
(Lafley, Charan, 2008).
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There are two ways firms address external resources and capabilities to form a co-specialized
ecosystem. The first way is to focus on the upstream resources, and reconfigure the supply
chain, whereby new competitive offerings can be provided by the orchestrator. Nokia is here a
quite often cited example. Nokia has built a highly efficient supply chain for mobile phones,
and can provide a versatile product range from the lowest price point to the most sophisticated
high-end mobile devices. Another well documented case is Li & Fung (see Fung, Fung, Wind,
2007 for an in-depth analysis), which is the leading textile sourcing partner to companies like
Wal-Mart, JC Penney and Levi Strauss. In Finland, Nautor showed in the late 1990s that an
innovative reconfiguration of the subcontractors in producing luxury yachts enabled the birth
of a new successful product, the Swan 45 (Wallin, 2006).
The second way to orchestrate a co-specialized ecosystem is to involve customers in the co-
design and co-production of the offering. User involvement has been the basis for the success
of new Internet-based business models such as eBay, Amazon.com, and YouTube. These
business models show that orchestrating companies can provide platforms for user
involvement. Then the content production within the network becomes increasingly the
responsibility of the users themselves. Such a business model provides the orchestrating
company with two major competitive advantages. Firstly, if the user community can be
sustained, and the information is properly organized, the orchestrator is provided with superior
business intelligence for its own proprietary ecosystem, enabling constant upgrade of the
offerings in pace with changing customer expectations. Ex-eBay CEO Meg Whitman
characterized this by stating that it is the community that brings eBay forward, not eBay that
brings the community forward.  Secondly, the close interaction between the customers and the
orchestrator provides opportunities for micro-level segmentation or even mass-customization
in order to secure highest possible cost-efficiency in the provision of the services, as each
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customer becomes a co-specialized actor, complementing the capability portfolio of the
business ecosystem. The notion of mass-co-configuration refers to firms that orchestrate their
ecosystems based on these two roles of the customer, (i) as a subject participating in the
intelligence process and the relating offering configuration task, and (ii) as an object
benefitting from the subsequently improved possibilities to mass-customize the offering. - The
orchestration framework is depicted in Figure 1.
Figure 1. The orchestration framework
For companies in the financial services industry the orchestration approach is very appealing,
as the configuration of the service and channel portfolio is a highly complex task. When
considering how to segment the market the traditional approach would be to segment the
customers according to some form of socio-demographic or behavioral factors, and then
provide segment specific service packages in accordance with Figure 2. The challenge in a
highly dynamic and flux market situation is that the historical information, based upon which
the segmentation cold be done, is not necessary relevant any more. Customer preferences, for
example how risk aversive different customer categories are, may have radically changed
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during a period of high market turbulence. In addition this way of approaching the
segmentation issue doesn’t make use of the customer as a potential co-innovator and as a co-
specialized member of the ecosystem.
Figure 2. Segmentation based on historical information
Any financial services company operating on the retail market was during the latter half of
2008 facing an unprecedented market situation. During the 2000s the industry had expanded
the product portfolio to cover comprehensive financial instruments relating to savings,
investments, borrowing, payments and insurance. Due to increased complexity the industry
had converged towards a business model where the service provider should be able to provide
the consumer with a customized total package reflecting the consumer’s needs and
preferences. Behavioral scoring and comprehensive loyalty programs were means, through
which the financial institutions could automate their relationships with the consumers, and still
provide a sense of customer intimacy and personalization. The key driver was to provide a
continuous flow of new products to the customers, often highly complex ones, which at the
same time offered high margins and rewards for the service providers.
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The financial crisis changed the premises upon which the existing way of working had been
built in two fundamental ways. Firstly, almost any financial institution recognized that it had
derivative products in its portfolio, which were connected to banks like Lehmann Brothers.
This implied that the financial services companies increasingly became inward looking, and had
to reconsider their product strategies, their customer portfolios and their credit positions.
Secondly, also customers changed their behavior. The subprime-mortgage phenomenon led to
a global slow down of the housing market, which reduced customers’ interest in credit. In a
similar way the turbulence of the stock-market made customers much more cautious in respect
of how to invest their money. In addition to this the increased uncertainty implied that
customers were looking for personal guidance and support from individuals that they felt they
could trust as financial advisors.
In this very challenging operational environment any financial institution had to rapidly
reposition its own offering portfolio to match the new characteristics of the market. The
challenge was however that nobody could exactly say how this new market looked. At the
same time it was also clear that the financial services market was evolving as the impact of the
financial crisis would gradually re-shape customer preferences over time. So the challenge was
not just to interpret the new situation, but also how to create a process whereby the company
could continuously adapt to the changes in the environment.
The financial crisis thus invited service providers to reduce uncertainty by engaging the
customers in a process of gathering and digesting interpretations of the rapidly changing
market to adapt to the new situation. Concepts such as capability building and semi-open
innovation (Wallin, 2007) emerged as useful approaches for companies trying to strengthen
their position on such a turbulent market.
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This paper will show how one financial services company entered a transformation process
using semi-open innovation as the means to activate its personnel and customers to stay
innovative in the midst of the financial crisis. By orchestrating and developing its relationships
with customers the company was able to not only activate customers to provide better insights
about how the market was evolving, but further engage customers to become active
contributors to the continuous reconfiguration of the service and channel portfolio. We define
this perspective on customers as active participants in, and beneficiaries from, the continuous
ecosystem configuration task as mass-co-configuration.
Through the mass-co-configuration process the company could both get improved focus
within its offering portfolio and better support the sales persons in their role as value creating
advisors for the customers. The piloted initiative became a great success already during its first
three months. Based on this the company decided in the beginning of 2009 to institutionalize
the process of continuous mass-co-configuration.
The paper proceeds as follows. Section 2 reviews the existing research on capability building
and open innovation and clarifies the differences between user, open, and semi-open
innovation to present a framework for how the perspective of semi-open innovation can form
the conceptual basis for continuous co-configuration en masse. Section 3 describes the way
the process of mass-co-configuration was introduced in the studied company, and how the
process evolved over time. Section 4 reports the results. Based on the case analysis, three
major propositions are put forward. Section 5 discusses the results and concludes.
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2 CAPABILITY BUILDING AND SEMI-OPEN INNOVATION
Capability building
As research on capability building has gained depth (e.g. Adner and Helfat, 2003; Helfat,
2000; Helfat and Peteraf, 2003; Teece, 2007; Teece et al., 1997; Winter, 2000, 2003; Zollo
and Winter, 2002), researchers have become increasingly interested in the microfoundations of
how the capability building process actually takes place. Gavetti emphasizes the importance of
this new direction by arguing that “[R]esearch on capabilities needs microfoundations that
capture more fully what we know about cognition and action in organizations.” (Gavetti,
2005, p. 599).
Yet, despite this recent surge of interest, there continues to be scarcity of empirical research
on how firms make sense and plan ex ante for capability building and why they end up
choosing the capability building paths that they choose.
“Ex post, it is clear that some firms actively identify, interpret, and act upon early
signals from their internal and external environment, and so position themselves to
effectively exploit these opportunities well in advance of others’ demonstration of the
pay-off from the strategies which emerge later on as ‘best practice.’ These firms are
creating new sources of competitive advantage. Understanding how they organize ex
ante to do this is, in our view, a central question for strategy research. (Cockburn et
al., 2000, p. 1142)” (italics in the original)
A recent contribution in the field of the microfoundations of capability building (Laamanen,
Wallin, 2009) suggests that capability building can be observed on three levels within an
organization: building individual operational capabilities, developing the portfolio of firm
specific capabilities, and nurturing the entire constellation of co-specialized capabilities within
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the ecosystem. In this paper the third form of capability building, the one taking place within
the ecosystem is of particular interest, as we are interested in the way customers can
contribute to capability building and innovation within an orchestrated ecosystem.
When connecting capability building with innovation a key question is how to establish
disciplined creativity, how to embrace design thinking into the building of capabilities. IDEO,
considered as one of the most innovative companies in the world, sees design thinking
inherently as a prototyping process. Once you spot a promising idea, you build it. The
prototype creates a close approximation of the finished product or process; the goal is to elicit
feedback that helps designers work through the problem they are trying to solve. In a sense,
designers build to think. (Brown, 2005)
Using the building process as a means to think has proven itself to work well for building new
products and predefined processes, like the way IDEO reconfigured how patients were treated
at Kaiser Permanente, the largest health maintenance organization in the U.S. One can also
apply this prototyping approach on the capability portfolio of a firm as illustrated in the book
Business Orchestration (Wallin, 2006).  A generic framework for operationalizing firm
capabilities into four operational capabilities and three leadership capabilities is used in the
book (Wallin, ibid.) to analyze how a multitude of firms such as Merrill-Lynch and Nokia have
built their capabilities over time. Taking this approach highlights that the capability building
activities increasingly have to deal with how the orchestrating firm can mobilize capability
building activities in its own ecosystem, both up-stream such as Apple was convincing the
music industry to team up for the iTunes concept, or down stream in the way Harley-Davidson
has engaged its customers in the Harley Owners Group to become important participants in
the continuous innovation process of Harley-Davidson.
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In his keynote speech at the 2008 SMS conference in Cologne, Professor David J. Teece
highlighted the activities needed in the early stages of building a new capability. He referred to
the sensing activities of the firm that are entrepreneurial and involve exploring technological
opportunities, probing markets and listening to customers. Such sensing activities are
necessary to test hypothesis about market and technological evolution and understand latent
demand. Subsequently the innovation process should if possible consider this, and secure that
such sensing activities are embedded in the process.
Semi-open innovation
Taking the dynamic capabilities view means that the competitive advantage of the
orchestrating firm stems from leveraging upon the continuous creation of new knowledge
within the ecosystem. The knowledge of customers could in the case of financial services be
such a leverageable asset. Sharing and interpreting information becomes a key success factor.
This implies that the orchestrating firm should find ways to continuously support and nurture
an active dialogue within the ecosystem.
Traditional closed models of innovation don’t take any of the above mentioned elements into
account. User innovation recognizes the role of the customer as a knowledge holder that often
has superior knowledge compared to the supplier in respect of how the offering could be
further enhanced (von Hippel 1976, 1986). One possible avenue forward is for the supplier to
encourage the customers to activate their own innovation process, and subsequently
concentrate on providing tools for innovation for the customers and not even try to capture
value from the knowledge possessed by the customers (von Hippel, 2001, Thomke, von
Hippel, 2002). This approach would however not as such contribute to the aim of creating
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competitive advantage for the supplying firm by the means of building some unique own
knowledge assets, which can be combined with other complementary external assets.
The ideas behind open innovation in turn are based on the assumption that competitive
advantage will be based on accessing complementary knowledge from the market and
integrating this knowledge with the proprietary knowledge base of the firm. The underlying
empirical observations behind the ideas of open innovation are from the high-tech sector.
Consequently the discussion has been very much centered on how to manage intellectual
property and patents as a way to create and capture value from the innovation process
(Chesbrough, 2003, 2006). This is further emphasized by focusing on intermediate markets,
markets in which an upstream supplier licenses its know-how and intellectual property to
downstream developers and producers. The open innovation literature therefore discusses in
depth how for example firms can increase their patent utilization.
The open innovation perspective provides new insights into the challenge of how to access
complementary knowledge from outside the firm, but it doesn’t provide much guidance to the
question of how to establish institutionalized co-specialization within an orchestrated
ecosystem. This evidently also asks for some new social architecture in addition to those
architectures relating to the property rights of the different members of the ecosystem.
Normann (1984), when discussing innovation in the services sector, noticed that service
innovations often fail to appear spectacular as many of them actually are based on social
innovation, innovations that create new types of social behavior, that use social or human
energy more efficiently, that link social contexts to each other in new ways. He also suggested
that culture and dominating ideas are management tools when nurturing such innovations.
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The semi-open perspective on innovation recognizes the need for the firm to access external
knowledge as an input for the innovation process. In addition it also recognizes the need to
build an ecosystem that institutionalizes the continuous knowledge creating process within the
ecosystem. Thereby the participants use their co-specialized assets to jointly perform better
compared to the alternative that each actor would act alone.
The starting point for the semi-open innovation approach is therefore the distinctive
capabilities of the orchestrating company. Based on the evaluation of the development
potential of these capabilities the potential future offering universe is depicted as a basis for the
discussions with the partners in the ecosystem. Using this rough sketch of the possibilities,
customers and other ecosystem members can then be engaged in in-depth discussions about
new value-creating possibilities, including cost innovation (Zeng, Williamson, 2007). The
results from these discussions start to generate emergent patterns regarding how customers
cluster into segments, and what the segment-specific offering priorities might be. The first
design versions of the new offerings can then be turned into prototypes, which again can be
presented to the customers for further evaluation and possible testing. Again additional
feedback may be used to improve the understanding of the offering architecture, and
subsequent offering improvements can be made. This iterative process can then be repeated
until the offering is felt to be mature enough for full commercial roll out. (Wallin, 2007)
Applying semi-open innovation in services implies that both sales people and the customers
have to get used to a new way of working, whereby the sales person as a trusted advisor and
the customer together form a micro-level offering design team. This asks for new mindsets and
a new culture if the organization previously has been transaction driven.
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3 THE CASE STUDY
The author of this paper was approached by the management of the studied financial service
provider, FinServ, in September 2008. The request was to help FinServ to streamline the
offering portfolio and improve customer segmentation to meet the difficult market conditions
with a more focused and integrated strategy. During the initial discussions it was agreed that
this would ask for a total transformation of the customer service approach of FinServ, shifting
the center of power from the relatively independent product units to the frontline organization.
However, because of the difficult market situation, it was also evident that internal inertia
would be high. Nobody would be easily convinced about the benefits of changing the way of
working in such a difficult period.
With these initial constraints it was concluded that the only way to energize the personnel and
create buy-in for a transformation process would have to be based on early acceptance among
the customers. Only proven traction with customers would convince people that the direction
was right. It was therefore agreed to work against a plan with the aim to present the new way
of working to the management board at the end of November 2008. The roll out of the new
concept should start from the beginning of 2009. Such a rapid progress was possible as
FinServ is a relatively small organization, top management of FinServ had already identified
this transformation need, and the author was trusted based on a proven track record from two
previous major strategic overhauls within FinServ.
The planning done at the end of September defined the steps of the transformation process.
During October the new service concept was defined and agreed. The ownership of this
process was given to a group, the Integration Forum, of about 30 professionals within FinServ
consisting of front line personnel, product owners, IT-specialists and senior management.
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These professionals met every second week for a full day workshop to debate the progress of
the transformation during October and November 2008. The internal communication was
further supported by a project portal, where all the project related documentation was openly
accessible to all participants. At the end of October the concept was ready for market testing.
In November 60 customers were tested with the new offering, which was a predefined
customer dialogue. The customer was first giving his or her view on what the overall
economic situation would require from a financial institution in general (i.e. providing strategic
input to the offering portfolio of FinServ), second the customer presented which specific
products were of interest for him or her at this particular time (i.e. providing input on how the
existing offering portfolio should be balanced), and thirdly the sales person and the customer
concluded the discussion around what could be done immediately (i.e. generating immediate
sales for FinServ).  In addition the pilot customers were also asked for suggestions for how
the dialogue could be further improved.
This concept for how to conduct a comprehensive dialogue with the retail customer was well
received by the front line personnel. The concept was piloted in three different branch offices
each conducting 20 pilot dialogues with their customers. After the dialogue was concluded the
customer was asked to evaluate how meaningful and useful he or she found the concept. Using
a scale from 1 to 5 the average rating was 4.7.
At the concluding workshop of the Integration Forum at the end of November the support for
the new customer dialogue was overwhelming. The participants of the workshop strongly
recommended the management of FinServ to go ahead with the new way of approaching the
customers. During this concluding workshop the details for how the customer dialogue was
conducted were still adjusted. Suggestions brought up by both the customers and the frontline
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personnel who had conducted the dialogues were taken into account when the dialogue script
was finalized.
In December FinServ management approved the roll-out plan based on which an intensive
training program was scheduled for January involving every branch office manager. Ambitious
targets for how many dialogues each branch office should conduct were set up. A purpose
built portal dedicated to just support this process, and enable the sharing of experiences among
front line personnel, was also introduced. The corporate incentive schemes were updated to
recognize the strategic importance of this new process, and the results from the customer
dialogues became a major part of the incentives for 2009.
Throughout the process the vice president in charge of retail development in close cooperation
with the CFO of FinServ oversaw the development together with the author, who was
responsible for the conceptual design of the process as well as the design of the supporting IT-
tools to enable the process to scale up from the pilot phase to become a major part of the
operational retail process during 2009. As from the beginning of February 2009 the company
wide new way of working was fully operational. Weekly follow up of how many customer
dialogues had been carried out became one of the major managerial yardsticks within FinServ.
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4 RESULTS
FinServ’s transformation process was initiated based on two simple assumptions. Firstly, the
company had to become more customer centered, and this would ask for building some new
capabilities into the organization. Secondly there was a need for rapid change and this required
a prototyping, semi-open approach to the development process.
What the change process within FinServ showed was that the semi-open approach to service
innovation can be applied very effectively in a fractal way. In the case described here the first
version of the new offering, the script for the customer dialogue, was developed by a small
team of five people representing the aspirations of the top management of FinServ to
orchestrate its own ecosystem to become more profitable. In the next phase this idea was
introduced to the Integration Forum, consisting of 30 people with different backgrounds and
representing different areas of expertise. Their input considerably changed and updated the
operational format of the dialogue, without however changing its architectural and strategic
nature, or challenging the original aspirations with the process. In the next phase the piloting
with the customers brought additional insights into the process, and again the concept was
updated to better correspond to what the customers perceived to work. But also here the
underlying fundamental role of the offering, being a tool for continuous co-innovation and co-
configuration between FinServ and its customers remained the same. In this respect the
highest level of ambition of the mass-co-configuration approach is to institutionalize
continuous co-innovation within and co-configuration of the ecosystem (Proposition 1).
The semi-open nature of the process underlines that it is not only the orchestrator that decides
the future configuration of the ecosystem. Instead, the ambition is to increasingly use the
collective knowledge of the network members to let their views shape how the ecosystem
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should evolve, and how the ecosystem wide way of working should be organized. Still the
orchestrator decides which changes to the original concept will be implemented and which will
not be. These decisions have to be based on an overarching architectural view on the systemic
nature of the whole ecosystem, and the prioritization of development efforts.
Once the rules for how to co-innovate and co-configure have been established the second
ambition with mass-co-configuration is to secure that the voice of the customer, or any other
relevant ecosystem member, is continuously heard and that both explicit and unmet needs are
surfaced to be responded to by the orchestrator. At the same time the semi-open process
identifies the co-specialization potential among the participants, as the open communication
and high level of trust enables the orchestrator to monitor and observe the performance of the
participants. Using these observations the orchestrator can proactively redefine roles and
responsibilities within the ecosystem to encourage and reward the highest performing actors
and subsequently also speed up the development. Ultimately this will result in more rapid
offering development and better offering adaptation to the actual market needs. Over time
then the most active customers become more closely allied with the orchestrator, and the
boundaries between the orchestrator and the wider ecosystem are increasingly blurred
(Proposition 2).
A third observation is that mass-co-configuration has a strong business focus, and thus also
realizes the need for immediate results. As the case showed the main argument why the
frontline personnel was so eager to join the movement was that after having had the more
general discussion with the retail customer it was also possible to better address concrete
actions that could result in instant sales. If the dialogue would not lead to any concrete
business impact, it would not have been able to get such a strong buy-in from the front-line
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personnel considering the business context of FinServ at the time of the introduction of the
semi-open innovation process (Proposition 3).
Proposition 1
Mass-co-configuration is a way for organizations to establish an orchestrated ecosystem
wherein it is possible to have a process of continuous co-innovation and co-configuration.
Proposition 2
Mass-co-configuration supports strong user engagement in the offering portfolio
development activities of the orchestrator, emphasizing the evolutionary nature of offering
development, and supporting the co-specialization of capabilities within and continuous co-
configuration of the ecosystem.
Proposition 3
Mass-co-configuration will also drive immediate business benefits for both the orchestrator
and the ecosystem members as there is a common interest among all participants to
simultaneously look for concrete financial results based on the co-configuration efforts.
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5 DISCUSSION
How to shape ecosystems in a world of constant disruption has been seen as one of the main
challenges facing top management today (Iansiti, Levien 2004, Hagel, et. al. 2008). Financial
services represent one of the most rapidly changing industries for the time being. Because of
the inability of the invisible hand to regulate the banking sector in such a way that the public
interests would be met, we will in the nearest future see increased scrutiny of how this industry
can maneuver. At the same time the recession implies that customers will remain more
cautious for quite a time. Both these trends will reposition the financial advisor as a key
resource when providing financial services to the retail market. How to leverage the financial
advisor to strengthen the overall competitiveness of a financial services provider is thus a key
challenge. Merrill Lynch did this successfully when competing with Schwab in the early 2000s
(for an in-depth case analysis, see Wallin, 2006). The learning from this case was that
combining internet technology and individual service provided a superior value proposition.
From the perspective of the service provider the financial crisis implied a radical shift from
how success was built during the boom years. Instead of focusing on growth and high margin
(albeit high risk) products, there was now a need to take the long-term perspective on the
customer, and provide a balanced risk portfolio with more moderate growth ambitions.
The consumer will in this situation have to make a choice regarding service alternatives. One
option is to look for more cost efficient ways to learn about the financial service options, and
use these insights to design one’s own portfolio of financial services, which subsequently can
be picked from a multitude of suppliers. The second option is for the consumer to form a
trustful relationship with one service provider, and then to develop a symbiotic relationship
with this provider to get best possible service at affordable cost.
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In the case of FinServ the strategy is based on the assumption that an increasing number of
customers will opt for the second alternative, and look for closer relationships with their key
provider of financial services. The challenge is then how to address the question of customer
expectations versus cost of service.
For any provider of financial services three dimensions relating to the customer relationship
need to be taken into consideration.
Firstly, providing a suitable portfolio of service products for a particular customer is a non-
trivial question. In the case of FinServ there are more than 300 products available covering
basically all the needs the customers may have in respect of handling their own financial
situation throughout their whole life. Very few customers have the knowledge about even one
tenth of this product variety, and a key question is how to educate the customer about what
particular products may be suitable for him or her.
Secondly, as of today most financial institutions operate in a multi-channel environment. The
internet, telephone, email, and physical encounters are alternative ways to handle customer
interactions. From a cost perspective the different channels have totally different cost impacts.
Subsequently there is a great need for the service provider to educate the customer about the
cost implications of different service options, and then to find a suitable package which reflects
the true needs of the customers, both from the service perspective but also from the
perspective of what the customer can afford.
Thirdly, in today’s world individuals increasingly are networked, not only from a societal
perspective, but also from a financial perspective. These network relationships have to be
taken into consideration when making your financial plan. The dynamic relationships between
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the customer, the customer’s network participants, and the provider of the financial services
makes the financial offering design task even more complicated.
The paradox of all three above mentioned dimensions is that there are huge opportunities for
financial institutions to better serve their customers, but at the same time these requirements
are highly contradictory to the traditional product- and transaction based operational
architecture that financial institutions have established. As Normann noticed already in the
1980s culture and dominating ideas are key management tools when nurturing services
innovations, which often have to be based on reshaping social architectures.
For a service provider like FinServ the challenge is how to make use of the ecosystem
members to better configure the service providing activities, so that the needs of the customers
can be satisfied at lowest possible costs. This means taking a totally different perspective on
the customer. The customer becomes a co-designer of the whole value creating system. The
ambition is to make the customer carry out an increasing part of the value creating activities of
the entire ecosystem, including offering and business model design.
FinServ management recognized that the financial crisis was not only a temporary shift in the
operating conditions, but there would be a prolonged period of continuous evolution of the
market. Because of this the iterative prototyping approach to offering and ecosystem design
was established as a permanent way of working within FinServ.
The learning path entered by FinServ when establishing its new dialogue-based offering to its
retail customers showed that customers indeed can be valuable co-innovators and co-
configurators in financial services. FinServ now has thousands of dialogues documented in its
database. Through the dialogues each individual customer has explicitly defined his or her own
preferences in respect of service products, channel options, and network relationships. These
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individual preferences can then be aggregated and used for corporate wide strategic decision
making on what will be the next emphasis in the capability building efforts of the company,
which are the prioritized IT-investments, and what types of product campaigns should be
initiated in order to resonate with customer preferences identified through the dialogues.
The prototyping semi-open innovation process initiated during fall 2008 by FinServ was
originally seen as a means to provide better focus in product prioritization. The learning
generated during this open ended process resulted in a totally revised perspective on how the
customers can be involved in not just providing feedback on products, but in participating as
ecosystem co-configuration partners to FinServ. In this role the customers initially configure
their own relationship with FinServ, but ultimately this will lead to a situation where the
ecosystem orchestrated by FinServ is constantly re-configured based on the collective
interpretation of FinServ and the ecosystem participants of what is the best way to adapt the
whole ecosystem to the ever changing business conditions.
For FinServ taking the ecosystem perspective meant that the customers are viewed upon as
co-specialized actors within the network providing useful and valuable complementary
capabilities, which can be leveraged upon to strengthen the competitiveness of the whole
ecosystem. Providing tools and platforms to enable the customers to fully take this
responsibility subsequently becomes one of the new objectives within FinServ. How to
integrate the new development priorities into other ongoing development efforts is then a new
challenge resulting from this deepened understanding.
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Abstract. Media organizations are in many ways exactly like any other organizations
operating in saturated and highly competitive mass customization markets, competing
for the interests of consumers facing an increasing variety of media products. Media
business is a combination of mass production for mass markets in the newspaper
industry and in the magazine business it is geared towards mass customization. Digital
media also permit the targeting of smaller and smaller but highly profitable niche
audiences. New developments in digital publishing and social web come close to the
idea of co-configuration in which the producer and user of information influence each
other and develop the product jointly. We present our notion of a media concept as a
useful theoretical construct and tool for analyzing, understanding and changing media
products and practices. We see the need to combine the societal situation, publisher’s
interests, journalistic culture and audience needs into an integrated approach that
focuses on the negotiations and practices of media organizations and audiences as well
as between different levels and participants in an organization.
Keywords. Media industry, media concept, implied reader, mass customization.
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Mass customization in media industry is accomplished through creating
different media concepts. The three levels of a media concept consist first of the
values and goals of the publishers, audiences and content producers like
journalists. The second level consists of the architecture of the organization and
the architecture of the product e. g. page plan. The third level of a media concept
deals with the daily practices of production and its management as well as the
journalistic tools for producing attractive content. Media concept is a form of
collective knowledge. Central in the architecture is the principle that makes it
possible to accomplish aims that are difficult to fit together simultaneously or are
contradictory
The production of the journalistic content by individual journalists is often a
personal and even artistic process and can entail a high degree of personal freedom
in the choice of topics and ways of framing stories. This essential craft element
inherent in journalism explains some of the frustration media managers experience
when trying to develop or remake their media concept and mass customize it
towards different audience segments.
Media concepts are special products in many ways. For example printed,
audiovisual and digital media are cultural artifacts in which the details in the
content (e. g. persons interviewed, events covered) continuously change even if
the physical structure of the media artifact, main themes of the content and the
visual style remain the same. Thus the management of the permanent and changing
elements at the same time is a crucial challenge in producing media.
The daily variation of unchanging and changing elements poses big challenges
for the media organizations, where work ideals and processes are still often based
on the craft model of individualistic work and great autonomy, while management
and marketing department aim for mass customization – efficient production of
content and targeting different audience segments.
To gain the interest of different targeted audience groups media have to
differentiate themselves from other media products. Selection of topics, frames and
use of language differ to ensure the content is accessible and engaging. This means
also that the interests and needs of the audiences need to be turned into texts,
pictures and visuality for different customer groups. Therefore a central tool in
creating media concepts is the notion of an implied reader.
The implied reader should not be confused with the real life reader. It does not
depict a reader in flesh but is a fictive reader a story or narrative is targeted at.
This definition brings the textual tools used by the journalist into discussion, not
only the demographic characteristics of the targeted audience.
The reader’s needs can be identified as including more than just information.
The issues of identity, belonging to a group, being entertained, given options on
what to think of different issues and forming communities are also important in for
people and part of forming lasting readership relations, which are at the core of a
successful media concept. The implied reader could be called e. g. Mary, 42 years,
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married with two kids, living in the suburbs in their own house. She walks the dog
every morning and likes to cook.
We present case examples of the use of a media concept and implied reader in
Finnish media companies.
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Forewords:
Has been all over current media and it has changed the way people think about
their future, consider what how and when they buy. The way how the market works
has changed in very concrete way: customer behaviour and decision making has
changed and the brands have changed the way they play. People still eat, live and
consume. When behaviour change, it’s both a threath and an opportunity.
When many things changes simultaneously it becomes very difficult to say what is
working and what is not. The situation becomes even more difficult when the
company management demands action but also cuts budgets. The challenge is to
make most with less.
Positively thinking, economic down turn enable changes in matket shares and
winning new business. Winning is a state of mind but also a set of tools that guide
attention to issues that have most influence and eventually determine how the
brand is doing. Mr. Mikko Kosonen and Yves Doz wrote a book called ”Fast
Strategy”. In this book they launched a term: ”Strategic sensitivity”. Strategic
sensitivity is about continuous connection to market that reveal the phenomenons
and reasons in customer decision making, motivation and behaviour that need
company’s attention and enable innovation.
One Experience is a tool that enable companies to practice ”Strategic sensitivity”
effectively and stay connected to the market behaviour and it’s changes.
Understand where to save, which actions don’t deliver and what are the things that
drive most results.
One Experience report actual buyers cross-channel behaviour: what customer did,
what influenced them, how they made decisions, why they dropped some brand out
and continued with something else, how brands vere perceived in the beginning,
which brand had best sales conversions and which brands were the second best
ones. Why?
In One Experience the empahasis is on customer’s decision making process, not
company’s sales process. That is buying, not selling. Decisions are made in cross-
channel environment which is the core of One Experience. We have learned that
adapting customer behaviour and enabling buying has better outcome than
changing hard sale to harder sale. Sales can improve incrementally, especially if the
result enable innovation in offering, segmenting according to behaviour and
motivation or recognize bottlenecs at certain points of decision making that need
opening. One Experience has a track record of increasing sales and even doubling
market share by enabling innovation in offering and service channel roles, resulting
higher conversion rates.
In down economy budget cuts are inevitable. However, it is extremely important to
know where to save safely. Also, in some cases a totally new kind of re-allocation of
the budget makes sence and results wins in marketshare.
This document is about beating the economic down turn and growing stronger in
hard times.
Toni Keskinen, One Experience planner
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Exec Summary:
It isn´t over till the cash register sings.
One Experience is presenting the fast changes in consumer buying behavior of 2004-
2008 and first learnings of 2009  Understanding of the role of the new channels in
buying process enables you to adjust communication, service and channel investments in
cost efficient and profitable way. And win clients even if they are on their way to buy
another brand.
1. Learnings from One Experience cases 2004-2008
Cross channel behaviour, typical when buying needs consideration
It all starts in the web
The rise and multiple roles of word of mouth in person and online
Dual role of the store: browsing and/or purchasing
New role of the call center: as an on-line support for web visitors
It i not about big investments, it is about quick-dirty-learn
2. To be seen 2009
Consideration time gets longer enabling influence along the purchase process
Part of mass media money is already in new channels
Part of the money does not come back to mass media
CCP creative consumer participation innovations can change market logic
Potential of word of mouth increasing dramatically through viral & on-line
3. Seven quick dirty learn ways to win when the consumer is activated to buy
-Find the bottlenecks in your customer buying path
-fFne tune communication according to the buying stages and channels/cross channel
path
-Cross channel service training for call center and store personnel
-No democracy in cost cutting, create a new combination of marketing tools
-Concentrate on the core, look at your own client´s buying paths
-New target groups can be found in new channels
-The brand gets new energy in new channels
-Experiment viral campaigns, you can afford to withdraw too
-How to do it quick–dirty-learn
Kirsti Lehmusto, COO, One Experience
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1. Invest in where it matters most
These cases point out, it is possible to find out best sources of
new sales revenue and investments that don’t deliver roi. The
combination of both enable innovation even in troubled times. The
three major sources of losing sales are un-recognized bottle necs,
gaps and reasons for drop-outs. Here are some examples of such
outcomes.
Bottle necs, gaps and drop-outs...
1. Broadband
The very first One Experience ever, was done for a broadband
operator. The company was doing very well as image was
measured. Brands preference was high, but sales was lower than
any measures would let expect.
When One Experience was conducted we could recognize three
major bottle necs.
1st. In browsing people went online in order to find out about
availability in their area, price and deliverytime. Web was created
as e-commerce buying solution. That was not what people were
looking for.
2nd. Because web did not answer the questions customers had,
they called to call center. There was a big fuss because of mobile
number portability and people had to wait for a long time. Even if
people waited, they did not get very good advice from the call
center
3rd. When people had pre-decided what they were going to buy
and entered the store, sales people started asking them questions
they were trained to ask. Customers did not have the answers,
got un-easy and walked away.
Fixing these gaps was a small investment and took very little
time, only few weeks. As an outcome sales more than doubled.
This broadband operator became marketleader in 10 months.
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2. Laptops
When developing the One Experience methodology we created
several product development studies that were later on sold as
multibuyer studies. We took a little broader aproach in order to
recognize phenomenas in customer behaviour that we could later
use in the on-line tool. One of these cases was Laptop buying.
The brands in this case were not created equal. If you would look
at brand study and analyse advertising effect in that market, you
would really look at wrong direction.
In the qualitative discussion we recognized one source of word of
mouth to be much more meaning full than would have been
expected. The source was IT trained professionals. We included
professional WOM as a channel in the quantitative approach and
the result was 53%. That was a lot.
Picture 1: professionals influence in laptop purchases
Another interesting finding was, that you could divide stores in
two: a) those where customers went to see the products and b)
those where they actually purchased them. The stores conversion
rates varied from 5-80% in general. Very, very important
information for both manufacturer and retail chain.
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Picture 2: outcomes from preference to purchase
Another interesting thing was that the brands had very different
conversion rates. While HP kept it’s relevance and preference from
the beginning to the end, Fujitsu-Siemens sales was +150%
compared to the preference. On the other hand, Dell’s sales was
14.3% of the preference. Fujitsu-Siemens was preferred by
salesmen and their word resulted more sale for Fujitsu-Siemens.
In case other brands don’t realize this, they propably sell more
their competitors laptops than their own.
3. Kitchen cabinetry
Client of ours was operating in kitchen cabinetry business. Their
problem was not with conversion rate that was phenomenally
good. Their problem was that too few customers entered their
store that enabled the sales process to really start.
When our co-operation started we first performed qualitative
study that revealed customers reasoning for not coming in store.
The reason was brands legacy image. Image and the selection
had dramatic in-balance. Quantitative study targeted to
renovators and new house builders that were won and were lost
revealed how serious the situation was.
Customers went online before they were prepared to visit the
cabinetry planning and product outlet. The brands former site only
gave contact info to these outlets and that was not enought to
change the perception of the brand. The gap, major drop out in
this case occurred before customers actually get to know with the
brands offering.
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The solution was new advertising approach and new website. On-
line service was created inspirational and had direct connection to
sales. The solution enabled to create a collection of good ideas
about styles and details that were then sent to the kitchen
planner. This pre-work cleared customers expectations for the
planner and result good customer experience.
This service model changed the perception of the brand and
resulted more visitors. Same conversion rate applied to new
visitors which resulted increase in sales.
The same client was surprised about other positive results too. As
said, their conversion rate from offer to deal was phenomenal and
their service process was really good. Before we started making
this study, the sales director of the company was wondering why
their sales had suddenly increased without them doing something.
There was no real explanation of why such thing might occur.
After we did the study we found out that their competitor had
launched a big DM campaign and got people activated. They went
and asked for an offer but in such business people rarely settle
with one offer. No, they ask another just to be certain. In this
case it resulted more sales for  their competitor. Competitor was
the best salesman of that year.
4. Conclusion from cases
Understanding of buying behaviour is business critical information.
Unless the path from interest to purchase is known, it is very
difficult to define which actions generate most results and which
things payoff in general.
Often the reasons for customers to drop-out occur because of
issues that are easy and cost efficient to change. You just need
the information in order to make right moves. Whether it has to
do with cutting something down or changing something in order to
increase conversion.
2. Concentrate on the core
Traditional marketing measurement that is most commonly beeing
used, has to do with top-of-mind recall, preference ratings
measured from those who have not purchased the product or
service yet.  Figures are often rather fluffy and have little relation
to sales. More tangible measurement has to do with campaign
performance eg. Increase in Google search, registered users,
number of offers etc. The closer you get to online KPI’s and CRM
practice, the more tangible the measurement become.
The problem with measurement is that it’s often narrow and only
give fraction of the information that would enable innovation. If
measurement is done action by action, the feedback mirror the
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action only. Also it does not give insight on customer decision
making process and motivation, but narrows the insight to
percentage of those who reacted on the impulse.
I’ve worked as business intelligence consultant and done a lot of
data based segmentation and analysis. I’m data religious my self.
However, as a planner I also learned that data, although very
usefull, does not answer all questions. In order to be able to
create innovation, you need both qualitative and quantitative
information. Qualitative insight together with quantification is a
very effective combination.
The core has two dimensions: target group and time/moments
2.1. Core market
In down economy, when there is less resources available it is
smart to concentrate on hunting the easier prey. Those who are
near enough allready. The study sample can be easily collected
from resent buyers and recent offers that did not close. If
customer has asked for an offer he has seriously considered  your
brand. For some reason they decided to buy something else. What
was the reason they did that, what was the thing that led
customer to decide not to buy your brand?
Picture 3: Sample sources
2.2. Defining moments
The other important thing is the time and the result defining
moments. Most of the brand research is about brand’s generic
status. One Experience concentrate on the active phase but also
recognize the customers mindset in the beginning and as an
outcome after purchasing. It is highly beneficial to recognize
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changes in customer mindset within the active phase. The most
important thing though is to recognize reasoning why these
changes occurred. The defining moments are:
Latent brand perception:
1. Which brands customers prefer or consider as alternatives
Active phase
2. How customers get to know with the offering
3. How customes narrow down selection to most relevant
brands
4. What drives customer to made decision to choose or drop
out a brand
5. Where does the customer buy
Post-purchase
6. Outcome: recommendations > actively viral, positive, or
negative
Picture 4: Defining moments
Active phase can differ very much from one business to another or
even within same business from one brand to another. The
dynamics of  buying can also have huge differences from country
to country. There are brands that are capable of creating loyalty
and re-sell most of their sales to current customers. Same brand
can be market leader in one market and challenger in another
one. On the other hand there are challenger brands that may be
small but have very high positive conversion rates and are highly
viral.
Companies have different strategies and practices. New channels
have changed customer behaviour anyhow and challenged the
silo’d organisations that have been successfull. However, they are
now in need of integration. New competition comes along and the
surrounding economics are inside tornado. Now is the time, if
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ever, when marketeer really need wide enough guide and tools in
order to recognize what is relevant and does create results. The
market has become so complicated that it requires wide enough
data, rapid trial, error, and learn process and measurement.
Strategic sensitivity is about staying in touch with the market
phenomenons and outcomes, and learning from them. It is about
learning from own actions and competitors victories and losses.
What we wanted to solve with One Experience was to enable
scalability and cost efficiency enabling such a large data collection
and more automatic analysis tools that support tracking.
2.3. Kept/won/lost ratio and brand performance
The ultimate KPI (key performance indicator) is the brands
capability to convert preference to sales or win customers that
originally considered some other brand to choose differently.
When customers get active in consideration their original idea
about the prefrence or brand alternatives can change very much.
Why these changes occur, is business critical information to all
marketeers. What are you really up against?
Here is an example from the data collected from our
company personnel just for demonstration. This is about
purchase of a  flat screen tv.
Picture 5: Conversion rate was negative: from 33% preference to
27% outcome. Almost half of the buyers did not originally prefer
Sony
Picture 6: Situation in the beginning: Most of the people did not
have a preferred brand. Most considered alternatives were
Samsung, Sony and Panasonic
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Picture 7: Second best listing, Sony buyers and Picture 8:  Second
best listing for those who did not buy Sony
When looking at the data brand  by brand, it shows that those
who did buy Sony considered Panasonic and Phillips as second
best. Of those who did not buy Sony, only 8% considered it as
second best. That tells about the market opportunity with current
offering. If 2nd best listing is very high, there is room for big
changes in sales with costs that are likely to be acceptable. If
percentage is very low there is little demand that would enable big
changes in market shares or sales.
In this demo case Sony has been able to create interest in the
market and people consider buying the brand. This is how people
used channels:
Picture 9: Channel usage by Sony buyers
Online and retail had most role. However word-of-mouth was
more important than editorial product reviews. People made pre-
selection of interesting brands in browsing stage and then went to
see the brands in store that felt best for them. 11% of sales was
then incentiviced in store by salesman, 11% was closed due to
offer leaflet delivered to home by retailers and 11% was closed
because of a product review article that gave good results for
Sony. All customers purchased in-store. The TV-brand was
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sourced from different outlets and price selection was compared
from store to store.
In more price concious customers there was not as clear brand
orientation. Customers had a list of minimum standards that
needed to be fullfilled at optimal price. Brands in this category
were ”Good enough” to be trusted.
The percentages by stage, eg. Usage: 89% mean that majority
share of customers wanted to get to know the selection. The
higher the percentages are the more intensive the buying process
is. If percentages are low, customer buy more spontaneously or
behave loyally and only consider most preferred brand.
This channel usage chart above tells which channels played a role
in decision making. It also tells what did not play a role. In one
former case we had just printed 250.000 brochures of the product
and found out that they had no effect what so ever. We did not
print them anymore. Cutting costs and concentrating on what has
most influence enable cost cutting without a major risk of losing
sales.
One Experience enable drilling in to information, meaning that
each cell in the matrics is live and can be clicked open:
The One Experience tool’s channels are fully adaptable for case
specific needs, even though the main matrics is standard, the
contents are totally dynamic. Green text indicate exceeded
expectations and red failier that hinder buying. Open comments
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tell why the experience was good or failed. Quantitative
percentages get qualitative reasoning in order to answer ”why”.
2.4. Why sales was won/lost
Picture 11: reasons to buy Picture 12: reasons not to buy
As an outcome, One Experience create a tangible understanding
of what is going on in the market, how people buy, what
influences and drives them from media to word of mouth,
advertising, direct mail or discussion forums online. What can be
done in order to influence sales and what kind of opportunity
these changes would reflect.
One Experience study buying in wide scale. Most often study
reveal un-recognized opportunities and gaps. Very often One
Experience can give an explanation to some mysteries. More
about these in cases.
3. Mass customisation & personalisation
In the original approach One Experience respondents were
segmented according to demographics. By testing the methodology
it came inevitable that this should be changed. The latest result
have been collected in a way that the segments have been created
according to insight interviews results eg.:
- Buying frequency
- Buying motivation
- Buying context (eg. Travelling companions, family, friends,
collegues, alone...)
- Buying behaviour (eg. Travelling plans: go to same place,
always a new destination, several destinations on a single trip
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or eg. Destination type definition: beach, urban surrounding,
outdoor sports,...)
The One Experience tool invitation sending system enable the use
of customer ID and connecting the collected data to customer base.
This enable results mirroring to the full customer base. The most
important issue has been that the behaviour segments have been
possible to use as a key to segment the customer base and
optimize offering and communications to personal level. In the
implementation of these results to operative process, we are now
introducing customers an opportunity to define their profile,
customize offering for them and track their intentions with CEM
technology. Another way to approach the same issue is to test how
well current segmenting correlates with customers behaviour. In
this case each respondent would be tagged in to certain segment
and mirror their behaviour to segmenting.
The variety of competitive situation according to location, offering
variables, context and other issues could differ dramatically for a
single company. One product might have a completely different
competitive situation than the other. One Experience reveals how
each product/category/service should be offered, promoted or
positionioned in order to be competitive.
The use of One Experience enable much more effective
implementation of the CRM, CEM or customer life cycle engine and
an insight that enable rapid results. Also, One Experience results
enabled a creation of social media platform concept that operate in
roles of collecting new leads, servicing current customers, creating
loyalty and higher purchase frequency.
There was one more benefit of using the new segmentation
approach. Once we could understand why, how, and in which
context customers buy and what choices they consider, we have a
great source of information in order to create effective open
innovation process and new product/service road map. Having the
full customer base to participate in open innovation process
resulting loyalty, co-creation, rapid testing of new offering
opportunities and effective commercialisation as a side effect.
4. Beating the competition and obstacles
Changing the way things have been for a long time is not easy,
not even if you are right. Capability to stay agile and alert makes
it much easier to adapt required changes. It also influences the
internal atmosphere. Enabling success and positive development
is allways wellcomed. In these days it feels like sunshine. Here’s
some experiences about practicing One Experience with clients.
Submitted to 5th World Conference on Mass Customization & Personalization
MCPC2009
a. Internal
i. Silos
The biggest internal obstacle are silos. The customer expect solid
and good service in each touchpoint. They also expect that their
needs are understood. Silos prevent this from happening. Very
often the worst enemy of success is actually internal, not external.
We’ve got great experiences of working with One Exprience in
several levels of decision making:
a) Owner of the company
b) Marketing director responsible for both marketing and sales
c) On-line channel manager
d) CEO of the company
When we have been working with the management of the
company, it has been very easy to concentrate on the most
important issue: how can we sell more and create competitive
advantages. When company management create an insight that
require implementation in silos, there is no problem at all.
However, it is also possible for one silo to break the walls and lead
the way towards more customer oriented approach. Co-operation
with an on-line channel manager also changed the way of the telco
to serve SOHO/SME-customers in general. The on-line manager did
One Experience study as part of the concept planning of the SME
service development. The results actually helped defining new
product hierarchy, aligned on-line with retail sales and resulted
sales above budgeted. Insight made it much easier for silos to co-
operate with common goal and understanding of how, why and
when channels are used.
ii. Pre-budgeting
Fixed budgets make it very difficult to do any development. Even if
the need for investment is small. There might not be room for it.
Fixed spending on eg. Media is a real problem eg if the optimization
of communications would require partial budget transfer from
media to more personal communications. At the price of a single
newspaper ad, you could have results that would really help
directing resources right.
iii. ”blind” budget cuts
When company starts saving at any cost. It often results a lot of
involuntary damage and bad atmosphere. When there is less
resources available those resources must be spent wisely. There is
no better reason than this to find out which actions influence
buying behaviour most. If resources are concentrated in winning
the easiest deals by incrasing sales conversion rate. Sales don’t
necessarily drop at all. They could actually increase. However, this
can be done with less resources.
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b. external
One of the most well known psychological facts is, that common
enemy can make people work together on common goal even if
they don’t really agree on everything. Common enemy and down
economy could be the managements best possible moment to tear
down silo organisation barriers and create common goals.
Pressure, smaller resources and more difficult environment can
actually do good for the organisation by forcing people to think new
ways of solving problems. There are always more than one way to
choose from. Where to invest, how and why. What creates value
and result sales? Mass advertising is actually the choice rather
rarely. In most cases it is something quite different.
Learn more at www.oneexperience.com
or contact:
Toni Keskinen
+358 50 5522276
toni.keskinen@taivas.fi
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Iteration and co-creation connect the 
broad field of service design 
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Abstract. An iterative design process is based on a cyclic process of prototyping, testing, 
analysing, and refining work in progress. This applies well in a service design process 
where prototyping tools are in active use. Innovating opportunities for new co-creation 
processes between the client and the user is part of the service designerʼs everyday 
working life. Prahalad and Ramaswamy (2004) discuss co-creation experiences as new 
ways to create value. The focus on value in business transactions has shifted to 
experiences, and experiences are increasingly created through services. Consumers are 
co-creating value with the firm. Co-creation allows the customer to co-construct the 
service experience to suit her context, and the service design process offers methods to 
enable this. This paper  focuses on service design and itʼs relationship to both iteration 
and co-creation process.  
Keywords. service design, co-creation, iteration. 
1. Service Design 
Service design is establishing itself as a method for developing services and 
service business. Service needs and new ideas are encountered when the customer 
and the end users participate in the design process. A designer can use a variety of 
tools for including a user in the product development process and acquiring user 
knowledge. Visualizing the service experience and different methods for 
experience prototyping are important part of product development process. These 
methods offer a fast and competitive way to realize new customer orientated 
service products. The process of service design and the tools designers need 
therein place emphasis on strong social skills, empathy for the users, creativity, 
and visual thinking. Design thinking has the ability to create concepts, solutions 
and future service experiences for users. Designers work as coordinators in 
service development projects between all the stakeholders during the process. 
(Miettinen 2009) 
 
Service design connects the areas of cultural, social and human interaction. Use of 
design methods acts as a link between the different views in the service design 
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process. Service design is an emerging field. Terminology and methods are still 
developing. Mager (2009) has pointed out that the need for service design is 
evident, as the economic development has changed dramatically during last four 
decades from manufacturing to provision of information and services. Service 
design looks at service development from the designer’s point of view. Design 
thinking has the ability to create concepts, solutions and future service 
experiences for users. Service design can be related at least to two approaches: a) 
Service design as a tool for improving a customer experience, innovating new 
service opportunities and ROI (return on investment) and b) Service design as a 
tool for innovating new sustainable service systems and well-being. The design of 
services has become an increasingly important issue. Service design needs to 
respond to a new service-dominant logic where companies need to make more 
attractive value propositions than their competitors. (Stickdorn 2009) 
 
Value creation and interaction processes are central to service design. Thackara 
(2008) describes a process where designers transform public services and work 
with local communities in a co-creation process. Designers have co-developed 
and prototyped the ideas with the community, and later these ideas have been 
tested and launched. Jones and Samalionis (2008) discuss the pathway to radical 
innovation and how difficult it is to introduce new services. Focusing too much 
on current reality makes it problematic to envision a world that is different. 
Communicating the future with scenario tools helps the various stakeholders to 
discuss the service opportunities, but for implementing the new service process, 
new tools, such as training, consulting, or new service channels, may be needed. 
This is especially true if there is need to change the service channels and 
interaction processes, for example, to alter the person-to-person communication, 
or the ways the staff is communicating to the customers. 
 
Morelli (2002) has defined the service product as a result of interaction between 
different actors and technological elements during the use phase. He proposes that 
the design activity should emphasize elements of convergence between several 
social and technological factors: a) the social, technological, and cultural frames 
of actors participating in the development of the system, b) the technological 
knowledge embedded in the artifacts used for the service. Saffer (2007 points out 
that service design, like systems design, focuses on context. People use products 
in environments of structured processes.  Service design is the design of the 
whole system of use: the system is the service. Manzini (2009) discusses how the 
next economy re-orientates its activities in new directions. Its products are 
complex artefacts such as: distributed power generation systems, new food, 
intelligent mobility, programmes of urban and regional development and 
collaborative services for prevention and health care. Considered as a whole these 
solutions are to be considered a new kind of service: complex localised systems 
where different actors interact in order to produce a commonly recognised value. 
The result is that, being based on context-related, service-oriented solutions, the 
next economy calls for a deep change in traditional ideas on production and 
consumption, and consequently on design. 
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Service design process includes several phases. The discovery phase is about 
understanding the service context and the users as well as the business 
environment of the client. The concepting and designing phase is about 
visualising, co-creation and participatory design. Design phase is about 
prototyping. Implementation phase deals with comparing service prototypes, 
using monitoring tools to see what the profitability of the service would be and if 
the created services are valuable to customers. One can identify important factors 
to consider when developing and applying service design processes. 
 
a) Understanding the service design challenge: the users, business environment 
and applicable technologies  
b) Observing, profiling, creating empathy for the users, participating with the - 
users and being visual during the whole process 
c) Creating ideas, prototyping, evaluating and improving including the clients and 
the users in the process 
d) Implementing, maintaining and developing the services 
e) Operating with business realities.  
(Miettinen 2009) 
2. Participatory approach and methods 
 
Desmet and Hekkert(2007) define that user experience is shaped by the 
characteristics of the user (personality, skills, background, cultural values and 
motives) as well as those of the product (shape, texture, colour and behaviour). 
Physical actions and perceptual and cognitive processes (perceiving, exploring, 
using, remembering, comparing and understanding) will contribute to the 
experience. It is further influenced by the context of interaction (physical, social, 
economic).  
 
A designer can use a variety of tools for participating the user in the product 
development process and for acquiring the user knowledge.  Research on the 
user-experience offers new kinds of approaches for the developing services. 
Existing theory on service design methods and process helps finding the right 
tools and methods during the iteration process. Service design is a tool to commit 
the stakeholders in the iteration process. It is a process that helps the stakeholders 
communicate their needs and wishes for the services and understanding better the 
end user’s needs. Service design methods can help in concretizing abstract service 
processes with visualizing techniques. Participating the users in the service 
development process transfers knowledge of the user experience in the service 
and guides the whole development process forward. The end users communicate 
their experience of the service: if it was credible, enjoyable, easy to use, and so 
on. This feedback is valuable information that will be fed back in iteration 
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process. Also iterative design process includes the users as Nielsen (1993) writes 
about iterative development of user interfaces and how it involves steady 
refinement of the design based on user testing and other evaluation methods. The 
design changes from one iteration to the next are normally local to those specific 
interface elements that caused user difficulties. 
 
Bodystorming, context mapping and experience prototyping are methods that are 
used in service development processes. These methods participate the user in the 
service development process: 
 
1) The idea in bodystorming is to act as though the service would exist, ideally in 
the context where it would be used. This method gives the opportunity to test the 
proposed service and its interactions either inside the service design team or 
including the participants. Different service situations can be acted out, for 
example, the customer service situation at the hotel reception. Service designers 
create the service situation, cast the roles, practise with the professional or on 
their own and play the situation. The purpose is to prototype and come up with 
new solutions, test new interactions and make ad hoc innovations. (Oulasvirta el 
al 2003, Iacucci et al 2000) 
 
2) Context mapping  reveals users’ conscious and latent needs, experiences, hopes 
and expectations. Users participate in a workshop facilitated by a tutor. They use 
make-tools: pictures, drawing, creating with different materials and storytelling to 
generate ideas. There can be a preparatory phase before the workshop when the 
users are working with creative thematic assignments on their own. Make-tools 
aim at gathering data from people about issues that are not easy to verbalise. The 
tools support the users to express themselves and reveal subconscious and still 
relevant thoughts with metaphors and associations. (Sleeswijl el al 2005, Stappers 
and Sanders 2003) 
 
3) An experience prototype is a representation of a design, made before the final 
solution exists. We need prototyping for electronics, we need to think about a 
more total experience like designing a service or designing what happens with the 
chips and the people, then you need something which is more to do with 
storytelling, using video of how to tell a story or theatre for enactment or 
computer simulations. All of those become a necessary part of our prototyping 
vocabulary. The rapidness of a prototype cycle between trying something out and 
testing it with people, trying it out with people, is what makes the relationship 
between design and business successful. We can make a small prototype very 
inexpensively, we can try it out, test it and if it’s successful perhaps we’ll move 
forward to the next stage. (Moggridge 2006) The aim of experience prototyping is 
to test the feasibility of the service, the logistics, customer experience and 
financial impact of the service product in a cheap and quick way. An experience 
prototype is any kind of representation, in any kind of medium, that is designed to 
understand, explore or communicate what it might be like to engage with the 
product, space or system we are designing. (Buchenau & Fulton Suri 2000) 
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3. Iterative service development process 
The aim of the development case was to create  a concept for a new user interface 
that would meet the needs of the local tourism and leisure industry. Service 
design methods helped in innovating new user driven leisure, tourism and well-
being service utilizing technology.  The service product was developed during an 
iteration process with stakeholders: Kuopio Tourist Service Ltd 
(http://www.kuopioinfo.fi/), Rauhanlahti Spa (http://www.rauhalahti.fi), Kuopio 
Dance Festival and Hudle oy. The first round of negotiations and the design brief 
was formed in co-operation with Hudle, Kuopio Tourist Service Ltd and 
Rauhanlahti Spa. The first brief was focusing on service design: a) firstly as a tool 
to commit the stakeholders in a common service development process, b) 
secondly a method to visualize the service where several stakeholders are 
producing the service together and c) thirdly prototype the service product. 
Service design was used as a tool for innovating new use for existing technology 
and applying it in the development of new leisure service. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Service development started with scenario work. The goal of the scenario work 
was to visualise the service concept with the stakeholders. Scenario work made it 
possible to focus the design work around certain themes connected with leisure. 
These themes were picked out from the analyses of the previous work. Service 
scenarios were visualized in different methods: using narratives and pictures. The 
starting point for the project was a background research on the area of tourism 
Figure 1 Iterative service design process 
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and leisure as well as the local leisure cluster to benchmark the service selection 
at the market and development needs of the local tourism cluster. The results of 
the background research gave the information for preparing the context mapping 
(Sleeswijk Visser, Stappers, van der Lugt & Sanders 2005, Stappers & Sanders 
2003) workshop with the stakeholders and users. The idea of the context mapping 
workshop was to find out conscious and sub-conscious information about 
experiences, hopes and expectations related selected themes. It was easier to 
discuss and negotiate the service design brief with the stakeholders based on 
visual material on service scenarios.  
 
The next step of the service development process was the experience prototyping 
of the service scenario. The aim of the experience prototyping was to test the 
feasibility of the chosen service scenario: logistics, customer experience and 
financial influence of the service product in a cheap and quick way. Experience 
prototyping of the service product also gives lot of information on the context 
related to the service experience as well as the architecture of the travel 
experience: pre-, ongoing and post-experience. This offer fast and competitive 
way to realize new customer orientated service products. (Buchenau and Fulton 
Suri 2000, Miettinen 2007) 
 
 
Figure 2 Picture is from the experience prototyping video of the new service product. There is a 
welcome sign for the tourists entering Kuopio region. It explains the guests how to join to the 
Kuopio channel with their mobile phones and receive information about different services. The 
experience prototyping was carried out by video: arriving to Kuopio with a car, seeing the sign, 
entering the Kuopio channel, using services and special offers of different service providers 
(restaurant, theatre) and signing out from the channel. (Picture by Olli Happonen) 
Results of the experience prototyping were analysed with the stakeholders. The 
video was experienced as very good prototyping method and it visualized the 
service concept easily to all the stakeholders. It seemed difficult to commit too 
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many service providers in the development process at the same time. Also 
participating users of the various service providers was challenging for the same 
reason. We also wanted to focus the challenge more in the direction of innovating 
the technology based future service as the prototyping had focused more on 
existing technology. Development process continued with designing a concept for 
future digital service for leisure. This concept was discussed Hudle and Kuopio 
Dance Festival, which agreed us to prototype the concept with the festival 
visitors. The concept was transformed into an animation. The visitors of the dance 
festival had an opportunity to see the animation how the new future service would 
work and give their feedback.  
 
A designer can use a variety of tools for participating the user in the product 
development process and for acquiring the user knowledge. Research on the user-
experience offers new kinds of approaches for the developing tourism services. 
The aim of the research project was to create new user interfaces and 
environments for the needs of the local tourism and leisure industry and increase 
knowledge of the user experience and the user are the key elements in designing 
new services. Existing theory on service design methods and process helped 
during the iteration process finding the right tools and methods. Also 
documentation of the process and the methods is a way to produce new 
information about an emerging field. 
 
Experiences from the case study taught us several things. Service design is a tool 
to commit the stakeholders in the iteration process. It is a process that helps the 
stakeholders communicate their needs and wishes for the services and 
understanding better the end user’s needs. Service design methods can help in 
concretizing abstract service processes with visualizing techniques. In this case 
the video production helped the stakeholders visualize the service in practice. 
How the end user’s are able to use the technology and how the stakeholders can 
financially benefit from the use of technology in their services. Prototyping 
helped testing the feasibility of the service concept and developing it further. 
Participating the users in the service development process transfers knowledge of 
the user experience in the service and guides the whole development process 
forward. The end users communicate their experience of the service: if it was 
credible, enjoyable, easy to use, and so on. This feedback is valuable information 
that will be fed back in iteration process.  
4. Conclusion 
The main outcome of the case and present research work is that the service design 
methods are under huge development work. There are different tools and methods 
under development and also websites and blogs are emerging. More systematic 
academic definitions and research work is needed. The most active side of service 
design seems to combine business and methodological enquiry. In this 
development case the companies that participated were proposing the business 
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logic in the case study: “How the added value of the service will be created and 
prototyped?” In the experience prototype the end user was co-creating the value 
by joining the Kuopio channel and participating the services offered by the 
channel. 
 
One of the main tasks of the case study and the research work has been focusing 
on the results of the iteration process. The iterative design connects both 
industrial design work and service design approach as well as interface design. 
Iterative process gives a common tool that can connect and link these disciplines 
through service design.  Some of the methodological and design tools are of 
course already familiar for the stakeholders. 
 
There is still lack of research literature on service design research. The reflective 
and talkative evaluation between different research findings and theories is still 
quite weak. It is important to document and ground the research processes well to 
formalize new theoretical knowledge that can be used in further research projects. 
The research process has shown that the new methods and tools that service 
design can offer for e-tourism can produce user-orientated service products when 
stakeholders are committed in the development work. Yet much more 
development work is needed in regional level with sme companied that need easy 
to use and low cost development tools for their work with usurers. This is our 
next development phase. 
 
Our co-operatives and stakeholders were enthusiastic about service design and its’ 
possible benefits to a company. Virgin Atlantic, for one, has its own department 
for service design. The Volkswagen research department is integrating a service 
design approach into their research. McDonald’s has set up a customer experience 
innovation centre using the service design approach as a major facilitator for 
innovation. Numerous service companies, including telecommunication 
providers, insurance companies, banks, hospitals, transportation and hospitality 
industries are integrating service design on an organisational or on a project basis.  
 
One of the main areas of service design development in future is the public 
service sector. Tim Brown (2008) from IDEO discusses design thinking and 
reminds public servants to ask the obvious: What’s it like to check in to a 
hospital, call the police or collect the dole? These questions are a great start for 
unlocking innovation by using design tools, such as observation and storytelling. 
Andrea Siodmok (2008) from the Design Council, UK writes about developing 
public services with service design. There is a growing pressure on the public 
sector to deliver “more for less”. This makes innovation an imperative, where 
new ideas will need to be effectively developed, prototyped, tested and 
implemented. More flexible user-centred services will place greater pressures on 
many public sector organizations. The good news is that there are many examples 
of successful design and innovation in the public sector. 
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It is only natural that the designers will contribute to the societal development 
more and more using their design thinking and service design tools and methods 
to create more user orientated service systems. This will create pressure design 
education and some new design disciplines such as service design education will 
develop. This will bring new doer in the workforce creating new solutions. 
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Abstract. A portable persuasive technology application can encourage people to
maintain a healthier lifestyle through motivating physical activity. Varying life situations
and everyday contexts can influence the appropriateness of the service. This paper
presents a study in which 94 people carried an accelerometer-equipped mobile phone
for a period of over six months. The application gives audible feedback and points for
bouts of movement during and in-between daily routines. Questionnaires were used to
collect opinions and development ideas from the users. The answers show contradictory
preferences and suggest mobile health concepts other than the one used in the study.
General requirements and individual prereferences for a good mobile health service are
discussed.
Keywords. Persuasive technology, mobile health, mobile services
Introduction
This paper is based on a study which used a mobile phone application to
transmit just-in-time information to motivate people towards a healthier lifestyle.
The study was conducted in cooperation between two research units from different
countries and a teleoperator company.
A just-in-time system for mobile health (Intille, 2004) presents information to
the user during or shortly after a performance to motivate the person to continue
or improve the ongoing performance. Simple pedometers have shown to be useful
in encouraging people to be more active, but the durability of the results can be
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questioned. (Bravata et al., 2007) Persuasive techniques are used to increase
effectiveness and countering boredom through novel ways.
A mobile health service can succeed or fail for an individual for different
reasons, for example depending on the use contexts and life situation. This paper
uses qualitative data, questionnaire answers, to bring out examples of such
contexts and conditions.
Technical papers on mobile persuasive systems have tended to discuss the
effectiveness of persuasive technology in general. Torning and Oinas-Kukkonen
(2009) in their overview of the state of the art have expressed a criticism that
persuasive technology studies at the present tend to oversimplify user contexts and
view chosen populations as homogeneous. However, there is also increasing
interest in creating variation, customizable and tailor-made services for different
requirements. This may simply mean building multiple health programs in the same
software package. (for example Wylie and Coulton, 2008) Some studies have
acknowledged that although techniques can be made to work, different people are
motivated by different approaches. (Consolvo et al, 2006) This would mean that a
wider effectiveness could be gained through tailoring the persuasive system for
different goals, for example, losing weight as opposed to becoming fit. This has
been a focus of a study based on a commercial heart rate monitor with adjustable
goals. (Harjumaa et al. 2009) Also, customizing the interface aesthetics to suit a
personal individual style, as mentioned by Consolvo et al. (2008), is a possible
factor in making persuasive technology work.
In the present study the mobile health application was a pervasive element in the
subjects’ daily lives, and not intended to support sports, hobbies or other regular
exercise. This means the study offers insight into the appropriateness of the
intervention in a variety of different everyday situations.
The participants carried an accelerometer-equipped mobile phone over a period
of several months. For the beginning phase of the intervention the device collected
sensor data passively for several months, and after that the actual service with
audio feedback was turned on. Questionnaires were used to collect information
about the participants before the activation. Afterwards, a rapid e-mail
questionnaire was made to collect initial impressions and ideas.
Study description
The mobile health application used in this study was developed for an existing
platform, Nokia 5500 Sport, shown in figure 1. The participants were expected to
carry it as their primary phone. The phone features a built-in accelerometer which
enables the software to measure the level of physical activity. The sensor data was
collected to a central server using data connection.
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Figure 1. The study phone and the response screen with current points, total and point average.
The application detects when the person starts and stops moving. The phone
can interpret repetitive movements as physical activity, depending on how the
phone is worn. The application best detects walking and running, which makes it
somewhat similar to a pedometer. In addition to recording activity, the phone
rewards different speeds with points, and compares them to a past average. The
accumulation of points is indicated with sound effects, which are different when
the current points are below or above the average at that point of day.
The sound feedback is intended to be suggestive rather than direct. Ideally the
person would be aware of the current point count in relation to the average, and
then make decisions motivated by the situation. The carrier would know whether
she or he is “keeping ahead”, “staying behind” or “catching up” and realize that
small decisions during the day can influence the total point count.
The application is mainly sound-based, since the just-in-time nature of the
system requires the people to be aware of the messages at the moment they are
given. As the sound effects are played, the screen also presents numeric
information of the current point count and its relation to the calculated average.
The threshold for using is kept low by using only a mobile phone without
additional devices. The software application also runs automatically in the
background with no user intervention. As the project focus is on everyday exercise
during normal daily routines, the application should be on at all times, during
commuting and at the workplace. This can be an inconvenience, and a mute
feature was therefore included. The use of mute was not especially encouraged,
and the mute only works for a maximum of two hours.
The timeline
Data acquisition and the user research in the project were conducted in Finland.
The participants were chosen from mobile phone users within an area in Helsinki.
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They were mostly picked from teleoperator customers, recruited by phone. Those
interested in participating were instructed to answer a screening questionnaire
published in the internet.
The actual intervention had two phases. At first the participants carried the
phone for a period without having any sound feedback messages. At the second
phase, the feedback was activated. The timeline is shown in figure 2.
Figure 2. The study timeline. The study closed at the end of September 2009.
The participants filled a questionnaire when they received the phone, and a
second mail questionnaire before the feedback phase. Both questionnaires
contained in part the same questions regarding the amount of leisure-time exercise,
and plans for near future. The answers were used to see if the participants tended
towards regular exercise or did it only sporadically.
Open questions were used to complement the standard forms. The participants
were asked how they felt about participating in the study. They were also asked to
give opinions about the phone and what kind of feedback they would like and if
they had previous experiences with heart rate monitors or pedometers.
At the beginning of the feedback phase the participants were directed to a web
page with explanation of the sound feedback and instructions for using the
application. Graphics showed how the points accumulate, and reward sounds
could be listened to learn their significance. The subjects were meant to understand
the sound feedback as it was intended.
Researchers had access to a server web page to check if sensor data was
received properly. If a subject was inactive for a week, indicated by a long gap in
the data, the subject was contacted and the situation was resolved. After the sound
feedback was activated, the users were contacted less so that there would be no
additional “persuasion” other than the application.
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The study participants
To take part in the study, the participants were expected to pass a screening
questionnaire. They had to be between ages 30 and 60, able to take part in the
recruitment sessions on one of the given dates and to remain in Finland for a
significant part of the study. The respondents had to be prepared to carry the
mobile phone for a period of one year. The people were told to carry the phone
whenever possible, yet in a manner that would not differ from normal phone use.
As an incentive, participants were given free phone calls for the duration of one
year. If the respondent had a condition that might not allow them to plan their
exercise without consulting a doctor, they were declined to take part in the study.
Figure 3 shows the basic age and gender distribution. In the end 94 participants
were recruited. The subjects are from varying occupational and family conditions
and backgrounds of education. Majority did sedentary work, such as sitting in
front of a terminal, or they only did moderate activities such as walking. Car
mechanic and renovator were examples of more physical occupations. Few were
not working full time. More than third of the recruits did some kind of physical
activity regularly in their leisure time.
Figure 3. The participants’ age and gender distribution.
Responses
After the feedback phase started, an additional email questionnaire was
prepared with questions about experiences with the application. People were asked
how they would describe the intervention to a friend, what they liked most and
least about the application and finally how they would improve it. 47 people
responded to this quick questionnaire with complete answers to the questions. All
the answers to the open questions from all questionnaires were themed using an
open coding approach, with the intention of collecting preferences and ideas for
improvements. Some of the answers were suggestive of alternative concepts which
would support their habits and activities in some other way than the present
application. These were identified as either general requirements or representing
individual tastes.
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The following response largely reflects the motivation behind the study setting
and the reason why the kind of health services used in this study could be useful.
 “As I am now in middle-age I have become to realize that good fitness is not to be taken for
granted. I have never been very physically active person, yet I have been slim and fit. Now I
have noticed that this kind of freeriding is no longer possible :) I’d like to start a more active
life. Taking part into the research project might be a good motivator, it’s as if there were
some kind of ‘big brother’ watching me :) “ (Woman, 43, before feedback)
People in general appreciated the effortlessness of the application, and liked that
the service was integrated into the phone.
“Mostly I like that the feedback is positive and encouraging. I’d rather have rewards than
punishments. The melodies are brisk and help focus attention even if I don’t look at the
phone. [… ] I believe that when one becomes used to the melodies the sounds no longer give
such a happy feeling and it becomes just a background noise. Changing the melodies – an
element of surprise – would help renew interest. Just like in videogames, when you get to the
next level, you would have another kind of soundscape.” (Woman, 32, after feedback)
Some answers represent more polar opposites of opinion. Different people
would find different things useful or motivating. Preferences for the feedback and
its implementation also varied. For example, both of the following people believed
that a calorie meter would be useful but disagreed on how it should give feedback.
“It would be interesting to get information about time spent and energy expenditure alongside
with heart rate monitoring. [… ] Could I have the daily jogging distance into my phone? I
think it’s possible already. A feedback that tells me to go exercise or remind me of laziness
would probably not encourage me, I would find it stressing.”(Woman, 38, before feedback)
“[I would like] to be able to check the daily calory expenditure. I would like to have as an
option a reminder to be more active if the activity has been low level for a long time, for
example when I have been sitting in front of a terminal.” (Woman, 41, before feedback)
As the sounds were on at all times, it was to be expected that some would
perceive the sounds negatively. For some, situations at work would make the
sound feedback seem bad. They would have preferred a discreet, possibly visual
feedback or vibration.
“I feel miserable that the feedback was made into sound format. [… ] Mostly I like that I can
see the activity as points. I do not like the sounds, who wants to be a jingling bell everytime
they move? [… ] When I work intensely I have no time to mute the phone every now and then.
When I’m in a hurry to a meeting I just have to leave the phone out because of the sounds.
[… ] I expected the feedback to be tips and recommendations to go out and exercise.  ”
(Woman, 47, after feedback)
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Those with a noisy workplace would not be distracted by additional sounds.
Some expressed no concern for the sounds at all or did not find the sounds itself a
bad medium for delivering the feedback. Having audio feedback was for them a
part of the effortlessness of the application. They might find it a chore to dig the
phone out of a pocket or a bag and check the numeric information.
“The system should be so simple that even blondes can use it. [… ] The phone has become
more important to me during the study and I have come to expect the sound feedback and
checking the phone if I cannot hear it. It has probably encouraged me to increase exercise.”
(Woman, 36, after feedback)
“The sounds remind me of cartoon animations; when Donald Duck succeeds there is happy
music and when he fails there are more sombre tones. I was also reminded of the sounds of
fruit machines.[… ] I believe that by using this application for a longer time, the sounds could
become familiar to me and their significance could become self evident. [… ] The phone is
effortless and works well. I do not need to adjust it all the time. The sounds are quite generic
and simple, perhaps in the future there could be a choice of different sounds just like
ringtones can be changed. [… ] It is fun to see how small things can make me feel better and
feel success.” (Woman, 40, after feedback)
When the respondents told the feedback was inappropriate to them, they often
supplied a context as a reason for the inappropriateness. The contexts were broad
such as work, family, friends and life situations. Some were related to personal
exercise habits and hobbies. More narrowly the context relates directly to the
surrounding environment. The following response contains in nutshell many such
contextual aspects:
“After my father became sick I have not been able to exercise the way I have hoped. The
summer was nice, but during winter physical activity has been in the minimum because of
hectic work situation and probably due to the weather too. [… ] If my life had no other
agendas the phone might be able to help me improve activeness through positive
reinforcement. My activeness is influenced by many other factors than my own will and
wishes. For example the nature and the location of my work. (Sadly some places can only be
accessed by car) [… ] I always listen to the radio when walking longer distances. It is
annoying when the application cuts the sound every minute. I believe that listening to music
improves my mood better than the sound signals. It relaxes and relieves my mind. [… ] My
days are very different and weekends are different from the workdays.  ”(Woman, 48, after
feedback)
Sickness, giving birth, change of workplace or other major life situation change
is disruptive to hobbies and can ruin good intentions. These are temporary, yet
relatively long term situations that may influence appropriateness. When making
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such remarks people often would perceive how the situation would change in the
future.
“We have no car, so in the future I will continue to exercise and hopefully increase the
amount of exercise after the ordeal of giving birth. [… ] At least when I have to transport two
kids from place to place.” (Woman, 42, before feedback)
“Now and previously during late autumn sickness and bad weather have decreased exercise
noticeably. [… ] When I get rid of the winter flu I’ll get more exercise.” (Man, 38, before
feedback)
Feeling of inappropriateness can also be a more mental state. A joke or a happy
melody amidst a bad mood can merely heighten or underline the negative situation.
“The sounds are given in most inapproriate point when you stop, usually at a bus stop or some
other situation where there are people present.[… ] It’s not funny to have beeping noises when
you are pushing a baby cart through snow and rain. The application could send the data via
email so they would be easier to compare with past data.”(Woman, 32, after feedback)
Although the intervention was created for studying the accumulation of
everyday activity, many people expected that the device would accompany them in
their hobbies and regular physical exercises. They would lament that the phone
could not record all kinds of data, although they also realized the limitations of the
sensor. Obviously the phone could not be worn when swimming. Horseback riding
and bicycling are activities which the phone ought to be able to record but could
not always do reliably. Although gym activity and sports such as boxing could in a
sense be recorded, it would perhaps not be safe to wear the device in all these
kinds of activities. Generally people would have liked the device to measure all the
activities they were doing, especially if they had hobbies they felt would not
“show” in their performance record.
Mapping the responses
The various opinions and suggestions were collected and divided into general
requirements and individual preferences. Those statements, which contradicted
with other users’ wishes, were taken as indications of individual preferences.
Figure 4 collects the themes into a two-dimensional map, where the general and
the specific are placed along a horizontal axis. The specificity of the ideas increases
towards the right edge, to the point where they may become contradictory.
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Figure 4. Design approaches towards a mobile health service.
As the map describes preferences for mobile health services, it should not be
taken as a general usability guideline for all types of products. For example, it is
taken for granted that the low threshold and effortless use would be beneficial to a
health application working in a mobile phone, whereas in some other product it
may not be as sensible.
The middle range of the chart shows different approaches to supporting
physical activities. Immediate feedback was the main focus of the original study,
but a variety of different ideas recurred in the questionnaire answer. A
retrospective service would allow the user to view data afterwards and build an
understanding of the history of activities. Reminder service increases awareness of
the amount of physical activity, possibly giving a note during a passive period. A
supporting service helps setting and achieving specific goals.
The third layer is an iteration of the previous approaches. Feedback format
preferences vary from sounds, visuals, text, graphs or vibration. The preferred
timescale for feedback also varies. Some people would not want to be reminded all
the time and would rather have the service to warn them only when their activity
deteriorates in long term. A variety of goals can also be recognized, such as
improving or maintaining fitness, weight or overall wellbeing. Social networks can
be used to feel part of a group and build awareness in a different sense, but also
used for comparison and competition between group members.
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The right edge of the map illustrates how the amount of individually tailored
services is potentially very large. Only a few examples are collected here, found
from the questionnaire answers.
Discussion and future directions
Studies have suggested varying requirements for a mobile health service as a
result of heterogeneous user groups and needs. Yet design guidelines and research
agendas for persuasive technologies often consider what works for large
audiences. A generic goal such as motivating healthy lifestyle should benefit from
multiple approaches, just as means of transportation come in very different
varieties.
A design approach embracing principles of mass customization could address
this variety. (Pine, 1993) A design strategy would become a matter of exploring
the different scales of the general and the specific in similar manner as proposed in
figure 4. This does not mean that general design guidelines (such as Consolvo et
al., 2006 and Fogg, 2009) are misguided, but that they may need to be put in
another perspective. For example, even if it is probably a good idea to avoid giving
negative feedback in a mobile health application, there still remains a minority who
would be interested in negative feedback and it might even work for them. The
question then remains if significant parts of populations are always made out of
such niche groups. The amount of different approaches that can be implemented
into a single software application is probably limited, though.
These considerations have been deliberately separated from the issue of
appearance. This is because customization may too easily appear first and foremost
a style issue. Appearance is nevertheless an important aspect of the design, and
tailoring the sounds and visuals can extend the life of the product. Just like
wallpapers are chosen to represent an element of user personality or style, users
should be able to make the appearance of the application more fitting to their
individual taste. (Consolvo et al 2008).
This paper has presented how user responses to a specific mobile health
application pointed towards a variety of different service implementations. This
suggests that although general advice and guidelines for designing mobile
persuasive applications are useful, the general requirements should be
distinguished from individual needs and studied alongside.
Although the present mobile health system has shown to be more appropriate in
some contexts than others, it is still unclear how these temporary situations would
impinge on the application design. As the study concludes and these initial starting
points suggested by the questionnaires are complemented with interviews, a more
thorough analysis can be made. It is expected that more will be learned of different
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use contexts and situations, and that user requirements and preferences emerge
more clearly as types.
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Abstract. Weather information is crucial to weather-dependent businesses.
Consequences of weather also affect daily life. Societal and environmental savings can
be made, if providing weather information in-time due to users’ exact needs. Studies on
on-road behaviour show that people usually do not adjust their behaviour to adverse
weather, even when acquired information about coming weather events. A new
customization model is here suggested to be of major importance for raising the
awareness about weather. Along with recent developments on communication
technologies, a number of areas of interest for humankind are challenged to move on
from traditional ways of collecting, processing and distributing information, realising the
opportunities offered by participatory culture. The new customization model provides
more reliable and accurate weather information, combining collective intelligence with a
new approach within weather service development based on not only the weather
information itself but the user’s recent weather experiences. The model was tested as
road weather warning messages were provided during winter season 2008/09 to 71 users
in Stockholm through SMS, e-mail and the web. The experiment created a community of
people with interest in traffic and weather information - a starting point for a future
collaborative, user-generated weather observation network.
Keywords. Weather, Information, Customization, Warning, Road, Collaboration,
Observation, User-generated, Media technology
Introduction
Every winter, adverse road weather conditions such as snow, ice, and hoarfrost,
seem to take citizens of temperate climate zones like Scandinavia by surprise.
Many metropolitan road networks are currently operating at or near
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capacity (Pisano & Goodwin, 2004), making infrastructure and traffic capacity
vulnerable to weather, with volume decreases up to 30% (Knapp & Smithson,
2000). Adverse weather takes lives, as well as causes economic and environmental
costs. Correct weather information provided in time can improve the quality of life,
individual planning, mobility, as well as reduce emissions of harmful substances.
There is a relationship between slippery road conditions and traffic accidents, even
in areas where winter road maintenance is performed (Sävenhed, 1995; Andreescu
& Frost, 1998). In fact, the accident risk is a function of the public awareness of
the problem (Johansson, 1997; Edwards, 1999; Norrman et al, 2000). Sending
weather warnings to the public is a matter of general interest, in order to build a
sustainable society. Given the importance of adequate severe weather conditions,
how and when the public should be warned, the aim of the paper is to explore
customization of weather information within the context of transportation,
identifying necessary components for achieving the desired attention, high trust
and, finally, adaptation. The hypothesis that the user’s recent observations are an
important variable, and that observations made by users can contribute to the
customization process, is tested in particular. The paper also suggests a community
of weather observers’ network, based upon a discussion on the expert paradigm
emerging from participatory culture, that radically changes the way we
communicate and create, as described by for example Jenkins (2006) and Walsh
(1999). As a part of an ongoing exploration and evolutionary process within
different applications of new media - and social networks in particular - this paper
suggests how participatory culture can be applied within the field of meteorology.
If confirmed, the hypothesis tested here can be further generalized to
environmental information, illustrating how traditional fields within geographical
science can not only benefit, but progress, when embracing collaborative methods
based on collective intelligence. However, the study presented can only illustrate –
rather that prove – the concept of using user-generated weather observations in
order to improve weather service content. These are the first steps of a process
that needs to be further conducted and the model further developed.
The history of customization of weather information
Weather information can be adjusted to suit different business segments, such as
energy, agriculture, aviation and road transportation. It is often communicated
through media channels, whether a telegraph, fax, telephone, print, radio,
television, the Internet, or mobile technology. Media- and communication
technologies may be considered consisting of three layers (Benkler, 2000): physical
infrastructure layer (the device), the logical infrastructure layer (the software) and
content (substance and form) (Saari, 2001).
However, weather information services are usually delivered by different media
companies and the end-consumers therefore treated as members of a (consumer)
group. Traditional media technology offers different graphical designs (content
forms) of weather forecasts in newspapers and TV-channels, in order to suit the
needs of the majority of the consumers of their broadcasting. Additionally, the
local radio channel and TV station may tailor the weather forecast due to a certain
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geographical area. Concluding, present weather services for consumers are usually
customized due to tailored content forms, as well as physical and logical
infrastructure layers available at the time, and requested by large media
corporations, service providers and enterprises, rather than content substance
fulfilling the needs of individual users. However, modern media technology offer
opportunities to further customize weather information due to position and
weather-dependent activities, such as mobile services, widgets and mash-up
solutions where the user chooses geographical places and specific weather
variables of interest. Media convergence enables a wider diversity of delivery
channels. Today, users are able to choose weather information services of a
particular design (content form), distribution through different channels (physical
layers), even information relevant for a certain place or a particular activity
(content substance). However, weather forecasts – as a part of the content
substance - are simplified models of a complex reality, operating on a spatial scale
of kilometers, or more. This paper will explore customization due to the physical
and content layers. In particular, the problem of spatial resolution and
customization due to content substance will be discussed.
The weather expert paradigm
Weather – an observable phenomenon in the environment
Weather is an observable phenomenon in the environment, observed and predicted
by experts. Despite progresses within the area, the global meteorological
observation network and forecast models operate on a spatial scale of kilometers,
or more. A user of a weather service is also an observer of the present state,
always comparing the content of the service with present state. With a spatial
resolution of meters visible to the user, customization of weather information is
always limited by the accuracy of weather information, which us due to: spatial
resolution of weather observations, spatial resolution and accuracy of weather
forecasts and the temporal resolution and end-consumers of accuracy of weather
forecasts, the latter representing the freshness of the information due to the
distribution channel. In order to tackle these problems, progress has been made by
implementation of sensors, like road observation networks. Still, the local variation
of weather – due to local climatology, road maintenance and on-surface processes
- is beyond reach of the resolution of current weather sensor networks.
Collective intelligence and shared environmental data
Collective intelligence, as described by Jenkins (2006) and Lévy (1997), is
redefining our traditional assumptions about expertise, encouraging changes in the
knowledge hegemony of a number of fields (Walsh, 1999). A delicate example
related to the environment and geosciences is illustrated by Tapscott’s and
Williams’ (2006) story of a gold-mining firm that shared knowledge on geological
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information with the world. So, useful information about the environment can be
achieved from a variety of information sources, even within an area traditionally
held by specialists and experts. Or, “No one knows everything, everybody knows
something.” (Lévy, 1997).
Observations of variables in the environment (e.g. wind, temperature, cloudiness)
can be regarded as pieces of knowledge. This knowledge is systematically collected
and stored by different bodies of knowledge – such as governmental institutes and
enterprises - possessing the necessary expertise within the field. However, pieces
of knowledge consisting of observations of the environment can in fact be
performed by anybody. The difference is that the measurements will not be
standardized, but possess biases due to the observation instrument used, either
induced by human senses and mental processing, or systematic errors of the
technical equipment used as a measurement instrument. I conclude that, provided
that methods of systematic collection and processing of certain environmental
information are available, the concept of collective intelligence can be applied on
different kinds of environmental information, as by rephrasing Lévy: no one can
observe everything, but everybody can observe something. In fact, in the early
beginning of weather forecasting, all observations were man-made. Until present
days, professional weather observers worldwide share manually collected weather
information from “synop stations” with the weather observation network put up by
the World Meteorological Organization WMO (WMO, 2006). Consequently, using
humans as weather observers is not new. But can useful – perhaps even improved -
weather information be created by collaborative observers sharing their
observations?
Motivation to participate in a “share weather” community
The power of collective intelligence and the motivation to collaborate is for
example demonstrated by “spoilers” (Jenkins, 2006). If given incitements to collect
specific information observed in the environment, “weather spoilers” could
produce useful weather information based on user-generated weather observations.
I suggest that these observations can indeed be a solution to the problem of spatial
accuracy of traditionally available weather information. If applied on road weather
information services, the accuracy of local information on road slipperiness, ice and
snow, can be improved, representing an important step toward increased safety and
an efficient transportation system.
Cheshire and Cook (2004) studied so called “trust networks” – networks of those
people one views as trustworthy - and social dilemmas arising from not knowing
the service provider through anonymous exchange of goods and services. They
found that the social context and community responsibility norms (social approval
and a sense of group solidarity) can play an important role in trust-building, even
with lack of any specific reputation information. Studying what motivates
wikipedians, Nov (2007) reached similar conclusions on ideological incitements,
and not the least the importance of experience of fun. So, assuming that motivation
can be created to share weather information within trust-networks, and based upon
the expert paradigm and the fact that weather can be observed by anybody
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anywhere, it is justifiable to predict the existence of a future “share weather
community”.
The example of road weather observers
Studies on effects of weather and weather forecasts on driver behaviour suggest
that on-road behaviour is predominantly affected by drivers’ own observations
rather than traffic weather forecasts (Kilpeläinen & Summala, 2007). On the other
hand, it is the unusualness with icy or snowy road conditions that surprise drivers
(Wallman et al., 2005; Sävenhed, 1995). The accident risk has been estimated as
being 3 to 30 times larger on icy than on dry roads, and the more rare surface
character the larger accident occurrence rate (Wallman, 2001). Maximum accident
rates occurring one or a couple of hours before the salting (Sävenhed, 1995)
further demonstrate the impact of surprise effects.
But an efficient road weather warning system would not only have to eliminate the
moment of surprise. It also has to deal with user perception and behaviour. Several
studies show that people don’t act in ways that may be regarded as rational.
Drivers are not good at adjusting the speed to prevailing road conditions, even if
the hazard is clearly visible (Wallman et al, 1997; Öberg, 1991). Studies indicate
that about a half of road users would continue with a planned journey after hearing
a severe weather warning, and around a third of road users would not carry out
any checks on their equipment before heading out (e.g. Highways Agency UK,
2008). Moreover, drivers tend to overestimate their abilities as drivers (see for
example Andrey et al., 2001). It can be concluded that present road weather
warning services fail due to a “weather information gap”, caused by either
deliberate violation, lack of correct information or lack of
interpretation/understanding. If we aught to change on-road behaviour, drivers
should be addressed in new innovative ways, raising the trustworthiness and
credibility of the message. The key issue is to design effective, user-centred,
persuasive information systems, addressing users with trustworthy information, in
advance, eliminating the moment of surprise, making “the safety risk more credible
than the driver’s own perception” (Andrey et al, 2001). This paper suggests a
model for customization of weather information based on users’ activities and own
observations. Participation and collaboration are tested as tools creating
trustworthiness in the content substance of road weather information services.
Finally the paper discusses the idea of implementing user-generated observations
as a part of the customization process.
The weather community – an experiment in trust-
building
A weather warning service was tested on a number of test users receiving weather
warning messages through different delivery channels, under different weather
conditions. The aim of the study was to explore how a service should be designed
in order to meet citizens’ needs and adjust – even change - their behaviour due to
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adverse road weather conditions. The study of winter weather warnings can be
regarded as a process of creating a community for people interested in road
weather information. Road weather warnings were provided to a number of users
who voluntarily joined a network in order to receive a road weather warning
service. The network consisted of an “expert” with skills within weather
forecasting (the author) and a number of other people (test users) observing the
weather under different activities due to their personal habits. The respondents
were known to be interested in either traffic weather information or weather
services, and were as such not regarded as a sample of the population.
Building trust - overriding “the weather information gap” (Research
design)
As discussed earlier, present services do not serve users’ exact needs and drivers
do not trust weather forecasts, either due to lack of correct information, incorrect
interpretation, or deliberate violations. The first step is excluding deliberate
violations (representing a smaller fraction), with the purpose of identifying the
roots of incorrect interpretation and incorrect information. Then a second
important step was taken, as the expert only had access to open sources of
meteorological information available through the Internet. Then it can be claimed
that the quality of the service should not be higher than other sources of
information. Regarding the nature of events studied, driving under adverse winter
weather conditions was assumed comparable to dangerous overtaking, rather than
for example speeding. Earlier studies of violations in traffic show that speeding is
emotionally rewarding, while dangerous overtaking is associated with denial of
consequences (Forward, 2008). It may therefore be suggested that the weather
information gap depends on denial of negative consequences. Studies on what
people remember from listening to the news (Schneider & Laurion, 1993) show
that people remember information that affects their life better than information that
don’t affect them personally. Concluding, if we aim at reducing denial of negative
consequences, customized weather information services should provide personally
relevant information from a messenger whom the driver finds trustworthy. Instead
of customized to suit large groups, organisations and the majority of media
consumers, customization should be proceeded due to the needs of the individuals.
For a time-critical information service or a notification system, fast communication
is necessary in order to keep the freshness of the information. A customized
weather warning thus requires: 1) a relevant weather forecast, 2) fast delivery and
consumption, and 3) high trustworthiness. The content form was kept simple
consisting of short messages. As the spatial resolution is known to be of general
concern, one objective was to study the relevancy of the message and spatial
accuracy. The second objective was to compare different distribution channels, and
the third was studying trustworthiness. Adopting a user-centered approach, the
moment of surprise or unusualness to new weather and road conditions, will
depend on expectations and assumptions made by the individual. Earlier findings
on drivers caught by surprise by the first snowfalls of the season (Sävenhed, 1995),
indicate that non-experts do not associate weather with a particular time of season.
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This may be supported by research on characteristics of human behavior showing
that, when revising a hypothesis or adjusting odds, people are generally
conservative, and changing an initial hypothesis due to sources of new evidence
shifts only slightly to an opinion (Einhorn & Hogart, 1985). Dealing with
“conservative” users, a weather event will occur only if the difference between
now, and what has been observed recently, has impact on activities in daily life. In
fact, earlier studies provide evidence supporting that “if it rained a lot yesterday,
then on average, today there are fewer crashes” (Eisenberg, 2003). Concluding,
services that address the user with relevant content substance, through a suitable
device associated with a particular notification time and required degree of
attention, and additionally possess the ability to raise the trustworthiness of its
content (independent of the source and mechanisms behind the trust-building), can
raise the levels of interpretation and understanding of weather forecasts among
road travelers, reducing the denial of negative consequences.
The customization model (theory) and the problem of spatial accuracy
In order to study the first requirement - 1) relevancy - the theory is based on the
assumption that a user will make observations during different activities performed
in daily life, repeated on daily, weekly or seasonal basis. Transportation is the
activity happening in between all or most activities. Some general patterns of
coherent behaviour and travel habits can be identified as associated with culture
and practices. Furthermore, the accident rate increases as the time since the last
precipitation increases (Eisenberg, 2003), stressing the importance of recent
experiences, rather than seasonal variation, of weather. Therefore, it was
hypothesized that: State (observed by User) = function (Present Weather, Recent
Weather, User, Actions). Users were exposed to different weather cases forming a
qualitative multiple-case study. The weather cases were predicted and selected by
an expert within meteorology – the author of the paper, who possesses skills within
weather forecasting. It can be claimed that Present Weather represented a set of
controlled variables, as the forecast was known and the “expert” possessed
knowledge on how to create cases. As the measurement method was based on
users’ own weather observations, the measurements were influenced by user
perception. If properties related to user’s observations of weather are identified,
then for a User N, we can measure Habits and Actions performed during a
Weather Case, in order to explore the properties of the User N. Table 1 illustrates
the process of customization, from traditional services tailored to suit businesses,
down to individual personalization and customization. When exposed to different
states of the environment, the users will perceive their environment differently due
to their individual properties related to observations of weather.
However, a relevant weather forecast - the content of a road weather warning
service - is based on a forecast model with limitations considering the spatial
accuracy. The first research question was therefore, beside testing the above
hypothesis on relevant weather information, also exploring the relevancy of
spatial accuracy within the context of road weather warnings.
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A customized weather warning also requires: 2) fast delivery and consumption, and
3) high trustworthiness. Therefore, the study additionally focused on: comparison
of different distribution channels, the perception of the user while observing
weather, as well as measuring the trustworthiness experienced by the user after
being exposed to the warning service. Additionally, the characteristics of the
sample (test users) had to be examined, in order to make correct interpretations of
their responses.
Table 1. Weather services and customization.
Method
Road warning messages were distributed to 71 test users in the Stockholm area,
through SMS, e-mail and the Internet, starting with 38 users in October 2008, and
increasing to 71 people by the end of March 2009. All test users were recruited
through an open invitation at trafiken.nu, a Swedish well-visited traffic information
web site. The content consisted of a short message forecasting the nature of the
event and expected time of arrival. Weather forecasts were based upon open
sources of weather information available on the Internet. Six weather cases were
identified during winter season 2008/09. Additionally, one “non-relevant” case and
a “no-warning” case were created.
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Weather Cases
As weather itself is not possible to control, the expert providing a service to the
weather community awaited suitable weather cases to occur, in order to conduct
the tests of the experiment. The winter season 2008/09 started with a case of
“black ice” due to rain followed by sudden temperature drop. November case
announced the first heavy snowfalls of the season, although with a temporal
inconsistency (due to the expert’s absence). Christmas case was characterized by
ice, snow and culturally related coherent behaviour (holiday travel). Mid-season
cases were a series of events, of which most didn’t qualify as relevant. Of a couple
of identified cases, warnings were sent regarding one. However, the existence of at
least one additional event was confirmed by other sources of evidence. February
and March cases predicted snow, but March case followed after a period of nearly
summer road conditions.
Figure 1. Weather cases and measurements (interviews and surveys)
A “non-relevant” warning was sent in early February, as the event never occurred.
Finally, a “no-warning” case was a situation with no warning before a snowfall
striking the city of Stockholm on March 10th. Figure 1 summarizes weather cases
and alerts. The “severeness” of the weather during winter season 2008/09 follows
from the shaded areas, the higher (and the more colored) the “more severe”.
Warnings were sent via SMS and e-mail with varying - but mostly 24 hours’ -
notice before the predicted events, while messages published on the Internet
remained throughout the duration of the case.
Different media channels provided documentation on occurrence of the predicted
events, at the same time serving as objects of study because they were competing
delivery channels. However, more reliable sources of evidence, such as
meteorological observations, radar pictures and road sensors, were used to verify
the occurrence of the events. The users were exposed to a number of other
information sources containing weather news and warnings, representing
uncontrolled variables. Multiple sources of evidence and uncontrolled variables are
listed in Table 2.
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Table 2. Multiple sources of evidence and uncontrolled variables.
Observations confirming the occurrence of
predicted weather events
Role in the experiment
Meteorological observations: radar, synop
(WMO1)
Source of evidence
Road observation stations: RWIS2 Source of evidence
Observations reported by media Source of evidence
Source of evidenceWeather predicted  by media
Uncontrolled variable
Seventeen users were interviewed (telephone). Thirty randomly selected users
received a survey invitation after the “no-warning”, (i.e. “failed”) forecast. About
two weeks later, all 71 users were addressed with an invitation to a second survey
after the last weather case in the end of March (see Figure 1). Interview questions
regarded transportation and acquisition of weather information, actions and
observations during the latest winter weather events, as well as individual
properties, needs and willingness to contribute with own observations in a future
weather community. The surveys had questions on latest warnings, transportation,
acquisition of weather information, and, additionally, users’ overall impression of
the service.
Results and analysis
The main concern was separating user biases when observing weather, from the
actual state, as well as exploring the characteristics of the sample. It is justified to
expect user biases due to: perception, exposure to the service, varying measuring
methods, contact with the service provider, season and recent weather experiences.
Participation
The members of the weather community were invited to contribute with their time
and skills, in order to improve a new weather service. Participation in surveys was
voluntary, in contrary to interviews when the user was contacted, and it can be
seen as indication on willingness to collaborate and contribute to the project. The
survey responses - 51 of 71 participating in either one or both – may be regarded a
sign of trustworthiness. Of 30 users addressed after a failed forecast of the “no-
warning” case 21 responded, and 44 users of 71 agreed to take the second survey.
1 World Meteorological Organization
2 Road weather Information System, administrated by the Swedish Road Administration
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User properties
Investigating whether users were a coherent group having something else in
common beside a visit to trafiken.nu and signing up for weather warnings, showed
that they mainly represented middle-aged men with interest in new technology and
a high freedom of choice concerning travel to work. Female users were
underrepresented (16 of 71), but once convinced they were more loyal. Some
evidence implied that the two categories weather and new technology were related,
the expressed interest in weather rather being a consequence of an initial interest in
new technology. Users with long travel distance, in particular in suburban areas
with poor road maintenance frequency, also reported larger interest in weather.
Summarizing, interest in weather turned out to be of four origins: leisure time
activities (such as outdoor hobbies), travel to work, interest in technology, and
genuine interest in weather.
Although users considered their content mediocre, traditional media had the largest
number of hits. The least customized and linear channels, such as national TV and
print, seemed to gain the least amount of trust. The use of Internet was highest
among long-distance travellers, who also had a high acquisition rate of radio
weather forecasts. The study showed that the use of particular delivery channels
may symbolise other values. Conservativeness concerning use of media channels
was demonstrated by some interesting examples of older users who had a large
number visits to Internet weather information sites, while still keeping to their
traditional sources of weather information. Comparing to other results on
acquisition of weather information among the public (Kilpeläinen & Summala,
2005), the users who participated in the project demonstrated a greater interest in
weather than an average person. However, according to Andrey et al. (2001), 8 in
10 Canadians access a weather forecast in the morning, and Canadians listen to 2.3
forecasts a day. The Canadian study also showed that television is the most
popular medium overall for weather information, newspapers are used in a general
way, and radio use increases for weather warning and work-related decisions. The
same study showed that only a subset of the population is interested in making
greater use of cell phones and email, although these results are based on old data
from 2001.
Comparing the results of this study with previous studies on acquisition of weather
information, it can be concluded that the participants of the study were regular to
frequent users of weather information sources, but the use of new media
technology was greater, which may be attributed to a special interest in new
technology, long distance to work, some other weather-dependent activities, or
simply the fact that Internet habits have changed during the recent years.
Sixteen of 17 interviewed users acquired weather information on daily basis. The
surveys provided similar results and further supported that the participants of the
study shared a special interest in weather. The sample consisted of mostly middle
aged men with special interest in new technology and weather services, of whom a
majority travelled long distance to work. Therefore, it was justified to regard the
users as a coherent group concerning weather-related actions, habits and interests.
However, although more weather interested than an average person, the
respondents did demonstrate the same patterns of acquisition of weather
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information as suggested by other studies, such as using a number of different
sources of weather information, indicating that the sample in some respect may be
representative of the population.
 User actions and adaptation during weather events
There was strong evidence that the weather warning service - alone or in
combination with other factors - did have an effect on drivers’ behaviour. During
October case, a great majority (10 of 13) demonstrated some change of actions
and adaptation to weather, due to the SMS warning received. The drivers either:
cancelled their trips to work (3), changed equipment such as tires (3), stared a trip
earlier, or adjusted their driving to prevailing conditions. The cancellation rate of
errand and leisure trips was even higher. The adaptation was greater than
demonstrated in previous studies. Kilpeläinen and Summala (2005) found that only
5.8 % of all the drivers reported any changes in travel plans and that drivers who
reported active acquisition of weather information reported changes considerably
more often (16.4 % vs. 3.5 %). Even when considering the fact that an unknown
fraction of drivers stayed home and therefore weren’t included in Kilpeläinen’s and
Summala’s study, based on the strong indications of changed behaviour it can be
concluded that adaptation to weather was encouraged by participation in the
community of traffic weather interested people studied here.
Service content, perception of weather and trust
All 17 interviewed users claimed that the weather warning service was the best
way of receiving warnings, compared to all other sources of weather information.
Given 5 multiple-choices, only 2 users replied that their observations of weather
were “as predicted by other sources of weather information”. In contrary, 13
replied that the weather was “as predicted by the SMS warning”. Results from the
surveys also indicated high confidence in the service, especially taking into concern
the occurrence of additional weather events where cases and alerts were not
created despite adverse weather. When asked in the first survey, after a “failed”
forecast, whether they would have preferred more warnings beside those received,
most users responded “a couple of more warnings were needed”. Apparently, most
users agreed with the expert (on the existence of additional events upon which
weather cases were not created), which can be interpreted as either high
trustworthiness, or confirmation of the quality of the service content generated by
the expert, or both. It could also confirm the users’ ability to make good weather
observations. However, after a successful warning in the second survey, the
answers shifted toward “no more warnings were needed”. The number of users
who at the same time thought that “no more warnings were needed” and “all
warnings were justified” also increased in the second survey, indicating that a
number of users tended to overestimate the quality of the service, which is a
demonstration of high trustworthiness. Some users who participated twice even
changed their opinion when answering the second survey. However, replying “no
more warnings were needed” was not entirely a demonstration of trustworthiness.
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The number of users demanding less frequent warnings grew after the second
survey, indicating that user responses were not only affected by the accuracy of the
latest forecast, but the most recent experience of weather, too. So, the weather
conditions themselves could affect the perception of weather. An earlier study
“Can bad weather improve your memory” (Forgas et al, 2009), showed that recall
memory is affected by bad weather. It can therefore be suggested that user
observations of bad weather may be more reliable, even that prevailing weather
conditions at the time of answering a survey may affect the memory of past severe
weather events, decreasing the quality of user observations. So, if user
observations of bad weather are more reliable than observations of non-adverse
weather, this would encourage continued experiments with user-generated
observations of adverse weather. If sunny weather may affect the memory of past
severe weather events negatively, this may be an additional explanation why the
second most common answer to the question what the weather was like, was
“slightly better than predicted”. However, positive overestimations of weather
conditions during adverse weather is also known to be related to the problem of
people’s confidence in themselves as drivers.
Figure 2. User observations compared to received weather forecasts
Figure 2 shows results on user’s perception of weather, when asked to compare
their observations to weather forecasts from media and the forecast provided
through the warning service. The most common answer was that the weather was
“as predicted by the service” followed by “slightly better than predicted”.
Delivery channels and timing
As shown by Figure 2, the users demonstrated greater trust in the warning service
than other sources of weather information (“Other sources”). When comparing e-
mail, SMS and the Internet, SMS was considered most suitable for the warning
service. Overall, users were positive to chosen delivery times, which varied due to
weather and time of the day. In particular long-distance travellers expressed a need
for both flexible time of sending, and message frequencies. One interesting finding
was that the users still wanted to leave all the decisions on the expert.
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The results showed that users had difficulties remembering that they had seen a
warning message on the Internet (trafiken.nu). This can be due to conservativeness
established when using the same tool – the user sees what he/she expects to see.
However, all interviewed users expressed strong support for SMS as the most
preferred channel. Additionally, among users who were not interviewed some
changed voluntarily from e-mail to SMS. Still, considering the trustworthiness
itself, it is questionable whether the users were convinced due to the quality of the
service content, or due to the channel of delivery. However, claiming that the
service content - the weather forecasts - were better could be remarkable as the
number of information sources was limited to open information on the Internet,
due to the initial conditions given in the experiment. This leads to the interesting
conclusion that the warning service is presumed to be better, because the delivery
channel was able to create trust. A third possibility is that the users felt trust due to
participation in the project and a personal relationship to the expert providing the
service, independent of the device used. Either of the suggestions indicate that the
weather community succeed in building trust, as the users demonstrated adoptive
behaviour and trust in the service content substance.
Spatial resolution
Because the users declared mistrust toward non-customized sources such as print
and TV, it can be suggested that geographical relevancy is crucial to the user and
that the spatial resolution is one of the most important factors. However, while still
confirming the quality of the service, 4 of 17 users commented on local differences
between different parts of Stockholm. The surveys brought more evidence on
spatial differences between southern and northern Stockholm. Users who replied
both that “all warnings were justified” and “no” or “some” more warnings were
needed, were usually long-distance travellers or travelled in northern parts of
Stockholm. It can be assumed that they made more correct observations because
they observed larger areas during longer time. They may also possess more
experience, training and knowledge, on road conditions. However, if compared to
what the same users reported on local weather, they provided different answers on
isolated weather events, independent on how they had judged the service as a
whole. This leads to the important finding that the users were convinced about the
quality of the service despite reporting local differences – a demonstration of trust
despite the weather forecast resolution problem.
The future of the weather community
From the results discussed, it follows that the users relied on the expert. Further,
the customization model was proven to be a good tool when designing weather
cases and deciding when to send alerts. A new challenge would be to implement
the findings on customization and create a warning system based on a trust-
network, where not only the expert - but all users – may contribute with
information and observations of the state. Results from the interviews showed that
almost all (16 of 17) users wanted to participate in a future weather community of
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weather information sharers. An open question in the surveys provided additional
information on some users already asking friends to act as weather information
sources, making own observations of the state by observing, or installing own
weather observation instruments. These findings are examples of motivation to
participate in a community of weather observers. From long-distance travelers’
ability to observe weather, it can be concluded that user-generated observations
would serve the need of those who need that information the most and that the
most reliable observations are made by the same. This is an incentive to further
investigate the potential of the “share weather” community.
Conclusions
Three main conclusions on customization of weather services were drawn from the
study. The first was that customization of traffic weather information requires
improved spatial accuracy. A fully customized service would demand additional
local information. Secondly, the importance of recent weather was stressed, while
confirming the hypothesis that significant weather depends on weather, recent
weather, actions/habits and the user. Finally, the users demonstrated high
trustworthiness toward the SMS service. Channels lacking with abilities to
customize information gained less trust and were considered unreliable.
It can be concluded that the size of change of state (recent weather compared to
present weather) is what customization is all about. The goal should be to report
only relevant changes of the state, rather than what is happening everyday,
everywhere. The study showed that the difference between recent weather and
severe weather was greatest in the beginning and the end of the season (see Picture
1), periods coinciding with the highest accident rates. The difference between
recent weather and the forecast corresponds to the moment of surprise drivers are
exposed to, and it should be a guideline when providing weather warning services
to road travellers. Customized and user-centred services should be introduced on
the market, based on recently observed weather and user weather-relevant habits,
with a user profile created upon habits and perception, where the latter can be
divided first by default, and eventually on recent observations provided by a
particular user. A weather service should be customized due to individual users’
needs for planning in daily life, such as different levels of warnings, different
frequencies and time of sending before the occurrence of the event, different
content form and substance of the message, depending on time of the day, week
and season. The customization process is, however, limited by the spatial accuracy
of the weather forecasts and on-road information, which supports the initial idea of
integrating user-generated observations into the service content. Customization of
weather information requires user-specific data, not only based on geographical
position but the user him- or herself. A customized service requires input on user
habits, behavior, weather-related properties and perception. This data can be
achieved by asking the user to create his/her personal profile, but also from the
observations themselves. User-generated observations can provide data about the
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user perception bias, at the same time as serving the purpose of adding more
accurate weather information relevant to other users within the same area.
Considering the trustworthiness - as one primary aim of the study as well as
requirement for a future “share weather” community - the service succeeded at
convincing drivers to adapt to severe weather conditions, such as: choice of
alternative transportation, change of equipment, behavior (e.g. speed, distance),
starting a trip earlier, or cancelling the trip. Most importantly, the adaptive
behavior was more pronounced when compared to earlier studies. It is known that
freedom of choice motivates drivers to cancel or postpone travels. Keeping in mind
that the participants of this experiment overall reported high freedom of choice and
that they were not a representative sample of the population, the results can only
be interpreted cautiously, if generalizing to all citizens. However, it can be
suggested that adaptation to severe weather can be increased by participation in a
weather community. Concerning the conservativeness of human mental processing
touched upon earlier, it can be claimed that a weather community can help and
stimulate faster revising hypotheses and odds made by drivers, making them aware
of the real risks during adverse weather conditions. If people are engaged in the
weather community, they feel confidence in the service and keep up-to-date with
the weather situation, aware of what is coming next. If they are notified by a text
message provided by the same system, the chances of adaptation will increase.
Studying emergency medical services, Horan & Schooley (2007) concluded that
attention is needed to public sector services to just-in-time delivery and improved
supply-chain management. The challenge is new approaches and systems that
facilitate rapid use in pubic services. They also identified the key problems of
governmental services as “information typically travels serially and sequentially,
from one processing unit to the next, often with time-consuming feedback loops
when incomplete or inaccurate information is detected”. Social media networks
possess the flexibility to collect and distribute information fast. The trustworthiness
as receiving information from people you know, acquaintances and friends, could
additionally be a solution to driver’s mistrust to weather forecasts, and in fact
improve the odds that the driver will adopt to adverse weather.
Moreover, user-generated observations may contribute with additional and
complementary data necessary to provide both customized and other non-
customized weather services. “Many warning systems depend on regional and
international cooperation to secure the exchange of necessary data and warning.
This is not a simple matter to arrange, however, as sovereign states can view their
data as having strategic or commercial value, and for these reasons can deny or
limit its exchange” (Basher 2006). Not all geographical data is accessible to service
providers and end-users. Some data are beyond reach due to pricing or other
access barriers. Collaboration through networks based on social networks and
trust, and creating new networks designed specifically for shared weather
information, can create additional weather information, while crossing the
boundaries of traditional technical networks - sensors and measurement
instruments - of the physical world, and adding information content produced by
networks of people in cyberspace.
Open information on the Internet was used when defining weather events and
creating the service content in this study. The results showed that forecasts based
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on open source information had a quality comparable to that of official sources.
The service content being in line with official sources, even recognized as better,
justifies the assumption that the share weather community can create high-quality
information. Collaborative intelligence created by “weather spoilers” may be used
to improve quality of different kinds of information usually collected by
governmental bodies, under the assumption that the participants were motivated to
actively participate and report their local observations. A new weather business
paradigm could emerge, as information collected from existing grassroots in
cyberspace can improve the quality of present information delivered from diverse,
even official, sources of information, forming a global platform of an observation
network of real people observing their environment. Generalizing, other possible
areas of applications are geographical information and climate change.
Commenting on the 20th century’s successful weather forecasting by numerical
modelling, Peng et al. (2002) say that at some point “the dominance of the
deterministic approach, or paradigm, was so strong at the major weather centres
that it became almost heretical to suggest that statistical models had a role to play
in atmospheric simulation”. Collective intelligence, with the concept of peer-
viewing, may be the next paradigm of weather business, as we are heading toward
mass customization. A user-generated global “share weather” observation network
is a subject of future investigation, as well as customization models based on recent
observations.
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Abstract. This paper aims to contribute to a better understanding of consumers’ product 
attachments in the field of home textiles. The study approaches product attachment 
through the user’s emotional bonding with home textiles. The paper also explores the 
meaning of individuality, uniqueness and customizing in textiles. Thus this study seeks to 
address the following questions: how consumers become attached to home textiles, what 
the meaning of uniqueness is in home textiles; if individual and customized design can 
deepen product satisfaction and product attachment and in this way if the product lifetime 
can be extended and sustainability in consumer choices increased. Uniqueness and 
customizing is approached through the use of digital textile technology together with a 
design service.   
Keywords. Product attachment, Customizing, Uniqueness, Home textile, Sustanainable 
Design, Digital textile techniques.  
Introduction 
In the textile industry the development of new technologies, materials and 
machinery has always been at the forefront of industrial development. In the 
textile industry “…an improvement of product is possible only through 
production innovations aiming at better or ‘other’ kinds of products, instead of 
emphasizing, for example, higher speed” (Wiberg, 1994, 130). Wiberg also 
argues that textile design is a field where art, or as she argues even poetry, craft 
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and technology interconnect, and it thus offers new ways to understand design 
and industry. 
    In the postmodern era non-material goods play an important role in the 
consumer society and even material goods have a greater non-material 
component. According to inter alia Slater (2002) there has been a shift from mass 
manufacturing to service industries, where consumers talk more and more about 
product experiences. Mass manufacturing of textiles has moved from the Western 
world to lower cost countries, to the East back in the 1990’s. Since then the 
European textile industry has shrunk and today it exists in a tough competitive 
situation where brands, aesthetics, ever-renewed trends, price and quality issues 
make it even harder to find a way to make profit. The competition for consumer 
attention is fierce, and global markets are more demanding and diverse than ever 
before. What kinds of possibilities, then, does the new digital textile technology 
offer in finding new markets, even niche ones, in producing new kinds of textiles 
that interconnect the consumer need for individuality with a better design service? 
Through a design service and customizing, a consumer’s product attachment 
might even deepen, and through this it is possible to design long-lifespan home 
textiles. 
    Digital textile printing started in the 1990’s. At first and even still now the 
majority of digitally printed textiles are for commercial purposes. In Finland the 
leading enterprise using this technology has been Oy Vallila Interior Ab. Vallila 
Interior began to co-operate with Bauman at the end of 1990’s as the textile 
printing technology was developing such that surfaces could be printed also on 
different bottom fabrics. At the same time quality improved, which meant the 
possibility to widen the use of digitally printed fabrics also to interior purposes. 
(Grönqvist, P., interview, August 14, 2009) 
    In the 21st century digital printing technology has gained popularity on the side 
of the strong trend in home interior design and decoration. Currently digitally 
printed surfaces can be produced not only on textiles but also on hard materials 
such as wood, glass and metal. The positive side of the technique is savings in the 
use of inks and base materials, while the decoration can be printed only in the size 
and shape that is needed each time. For example the decoration for the slipcover 
of a chair can be printed only inside of the pattern of the slipcover, and the 
consequent saving in the use of inks and fabric is remarkable; this aspect makes 
the technique more sustainable. Comparing this technique to mass textile 
manufacturing, second-class quality and inaccuracy in printing can affect several 
metres while the printing machine begins to print a new roll of cloth in the latter 
method. 
     The other sustainable aspect in digital printing is that the end production can 
be situated close to the end user. Hence it is possible to decrease the 
environmental impact of transportation.  
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    Digital textile techniques have expanded the possibilities to design and produce 
uniqueness in home textiles. Digital embroidery, laser cutting machines and 
digital weaving machines also offer wide opportunities to realize consumers’ 
individual desires. With the help of digital techniques the designer can create a 
real individual and unique home.  The designer can strongly emphasize his/her 
own visual aspect and vision in the design process or (s)he can place the 
consumer’s attachments, emotions, and wishes at the centre of the design process 
and create new kinds of product attachments. What this means at the level of 
product satisfaction and sustainability is discussed further in the following text.  
    The following consists of a background discussion to which the research aims to 
contribute. The paper begins with an overview of the research on product 
attachment. The text further continues to the issue of identity construction in the 
home environment and the meaning of individuality in contemporary consumer 
society. Subsequently follows the theme of the meaning of home textiles to 
consumers. The paper makes use of the results of an online inquiry made in 
Finland in spring 2009 on consumers’ attitudes towards sustainable textiles, and 
the analytical section of the paper reflects the theoretical part of the results of the 
inquiry.  
 
 
Product attachment  
 
Schifferstein and Zwartkruis-Pilgrim (2008) define the degree of consumer—
product attachment as the strength of emotionally engaged experiences a user has 
with a product. The authors are interested in durable product attachments and the 
emotional tie between the consumer and a product. Durable product attachment 
emerges towards objects that are special and that mean a lot to the user: if this 
kind of object becomes lost, the user experiences emotional loss. Hence this kind 
of product is unlikely to be disposed of.  
    In contemporary society consumers create attachments to some objects whereas 
they easily dispose of other products. According to Schifferstein and Zwartkruis-
Pilgrim (2008) it is important to lengthen the life span of the product from a 
sustainability viewpoint. It is important that designers try to strengthen the 
product attachment that consumers create in order to lengthen the life span of 
durable consumables. They have identified seven determinants of product 
attachments: enjoyment; memories to persons, places, and events; support of self-
identity; life vision; utility; reliability; and market value. They state that from 
these only memories and enjoyment contribute positively to the degree of 
attachment. 
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    According to Chapman (2009) most products are incapable of sustaining a 
durable relationship with users. He also states that while aiming for sustainability, 
extending products’ lifetimes is the correct way to design objects. He proposes 
that for the starting point of the design process it might be useful to gather deeper, 
more profound and poetic human needs in order to achieve emotionally durable 
design. 
    Csikszentmihalyi and Halton (1981) argue that objects and products symbolize 
many things to the user, for example past and present. Products can also act as a 
sign of the self or the family. Objects embody memories and social networks. 
Artefacts represent the practicality of the home, and this practicality also 
represents beauty in the home environment. 
    According to Koskijoki (1997) meanings associated with objects can be 
cultural or subjective; they can be lasting or temporary. Memories, visions and 
symbols render objects meaningful for the consumer. Products and objects are 
basically unchangeable but their relation to their owner changes over time, while 
the owner and his/her identity changes. 
    Chapman (2009) argues that the discursive engagement between user and 
product develops through time and stimulation. He also states that user 
experiences, which often are not even consciously realized, build meaningful 
associations with object, material or experience through time. These subconscious 
experiences are influential as the consumer establishes a durable emotional and 
rational connection with the product. Chapman highlights that all consumers 
respond emotionally differently to the object as we all are unique individuals. 
Creating products that evoke clear emotional response will arouse a felt sense of 
individuality, self-definition and confirmation of identity within the users. 
    Norman (2005) states that there are three levels in processing and approaching 
design and objects: 1. visceral design (appearance), 2. behavioural design (the 
pleasure and effectiveness of use), and 3. reflective design (self-image, personal 
satisfaction, memories). The first two levels happen now, but the third differs as it 
includes the effect of time. Reflective design works with long-term relations. 
People remember the past and puzzle over the future through reflection. The 
relationship with a reflective design object emerges through possessing, using and 
presenting the object in the long term. The deepest emotions, feelings and both 
thoughts and emotions, are also experienced at the reflective level. A consumer’s 
self-identity is located within the reflective level and therefore the next theme 
further expands the identity issue regarding home textiles. 
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Home and the construction of self 
 
According to Crozier (1994) the concept of home is a complex one, and it has 
deep emotional significance. It means sentimentality, affection and identity, but it 
also exposes a more intense emotional response. Material objects form a 
consumer’s identity and the family level interlinks to an extended self concept. In 
this extended self concept home and its items is also included. Home can be seen 
as a symbolic body for the family, and it is quite a central aspect to an 
individual’s identity. We all surround ourselves with personal and important 
objects at home. Objects that include valued possessions also have self wrapped 
up in them. Consumers link their identity strongly to objects that have been 
personified and kept for a long time. (Solomon, et al. 2002; Csikszentmihalyi & 
Halton, 1981) 
    Objects around us and material possessions in general symbolize to us and 
others who we are. Consumption and consumables represent our personality, 
social standing and wealth, but also our values, history and relationships with 
others. The user’s needs beyond functionality are of increasing interest to 
researchers and designers, and this has necessitated that the concept of empathic 
design has emerged. (McDonagh, et al. 2002) 
    According to Soronen and Sotamaa (2005) consumers associate home with 
some kind of state of mind or atmosphere. This atmosphere is maintained through 
shared practices, common presence and also attachment to personal objects. In 
contemporary consumer society home is made one’s own through personal 
objects and decoration. Commodities are also made one’s own and authentic by 
shaping them symbolically and concretely. According to Slater (2002) consumer 
individuality, sovereignty, is a forceful image of freedom. The basic idea of 
freedom and privacy is the foundation of the postmodern consumer society and 
herewith the strong need for individuality, expression of one’s own uniqueness, is 
carried out through purchasing and possessing. With consumables we construct 
the self, we make up our social appearance and social networks like lifestyles.  
    Norman (2005) argues that the material objects we possess, also homes, are 
public presentations of our selves. Aura et al. (1997) state that habitation can be 
considered as a matter of attachment, a safe place and consolidation of identity. 
He also argues that a habitation changes to a home through personalization. 
According to Sarantola-Weiss (2003) habitation is made one’s own and part of 
one’s own identity through furnishing, arranging objects, and decoration. Home 
and its objects thus presents individuality, personality, which represents one’s 
own identity. Home works as an extension of one’s own identity. Through the 
objects in one’s home one can toughen and confirm also the links to one’s own 
past. Many objects exist as a symbol of the consumer’s deep inner feelings or 
memories, or they represent deep meanings, such as family values or history.  
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Memories and home textiles 
 
According to Koskijoki (1997) objects can act as containers of memories. Very 
often and especially with meaningful objects, products represent history, past 
events, memory, and a reminder of some important event, place or a person. The 
object carries the memory but also acts as a promise to the experience and as a 
keeper of the memory of the experience. Luutonen (2007) states that consumers 
have many different craft items, products and objects around them, which have 
the task of keeping and maintaining the connection to something important, 
perhaps a past period of life, like one’s childhood, or a dead close relative.  
    The important things around us are those which evoke special feelings, 
memories and stories. Things represent those important memories and feelings for 
us. One of the most important items including significant personal association are 
old family photographs, which are highly valued and cherished. Family photos 
maintain family bonds even over generations and often the history of the family is 
passed from generation to generation. (Norman, 2005) 
    The importance of family ties can also be seen in digitally produced textiles. 
Many digitally printed textiles are based on family photos. Päivi Grönqvist 
(Interview, August 14, 2009) describes one example where the family ordered 
seven similar digitally printed textiles of grandmother’s wedding photograph. All 
seven grandchildren wanted to share this old family treasure and with new 
technology it was easy to duplicate and print it in a suitable form and size. 
Grönqvist also describes that now in home interior decoration a longing for 
history can be seen. When renewing their home interior consumers want to 
conserve some meaningful objects, which are often linked to their family history. 
It is also possible that those historical family objects might be taken down from 
the attic and all the rest of the interior is designed around those old objects. 
Grönqvist now sees a deep longing back to the roots, and grandmothers’ items 
represent history in a modern context. 
    Money (2007) states that objects can be seen as inter alia markers of memory. 
Cherished social relationships are carried in goods. Home textiles keep the 
connection between generations which is also often a memory of a mother or 
grandmother or link to one’s childhood. Inherited home textiles have a strong 
connection to one’s own family history or even historical places such as a farm 
and a field. They might also be made with deep craft skills, such as old bed linens 
with handmade lace or embroidery. Well-kept, valued textiles are made by 
mother or grandmother, they might be carefully considered presents, and they 
thus remind us of the care and love of close ones. 
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Individuality and uniqueness 
 
Authenticity, known origin and uniqueness are important in a consumer society 
where everything is so easily manufactured, repeated and reproduced. A 
product’s uniqueness and rarity is transferred to its owner, and the goal is in 
individuality. Everyday aestheticization and the continuous construction of self 
leads through individualization to demand for individual customization and 
demand for deep experiences in products.  Consumers want products to fit their 
identity or their ideal identity and desired lifestyle. (Kälviäinen, 2002) 
    Govers and Schoormans (2005) argue that consumers prefer products with a 
product personality which matches their self-image and self-concept. Jordan 
(2002) has described product personalities the same way as human personalities. 
He also argues that consumers have a preference for products they feel reflect 
their own personality at some level. In contemporary society the feeling of 
uniqueness is a strong demand from the consumer’s side. The tight global 
competition in production also leads enterprises to produce more personal 
products. According to Govers and Schoormans (2005) product personality is 
important in individualization. 
    According to Kälviäinen (2002) uniqueness is sought in the search for 
individuality in contemporary consumer culture. There exists a constant 
discussion about exclusive versus common. Grönqvist (Interview, August 14, 
2009) says that earlier uniqueness used to be expensive and exclusive, but today 
uniqueness, thanks to new digital textile techniques, is of average price; 
uniqueness is therefore today’s and perhaps even more tomorrow’s way to do 
home decoration and individualization.  Uniqueness is an emerging trend in home 
interiors. As mentioned earlier the personalization process is fundamental when a 
habitation is transformed into a home and in this way the home environment 
expresses one’s own identity as well as the concept of ideal self and family life. 
    Uniqueness and the product’s personality is also linked to craft and the aspect 
of the handmade especially in home textiles. In home textiles something 
handmade is often linked to some close relative such as a mother or grandmother 
and hence interlinked to deep emotional meanings. According to Schifferstein and 
Zwartkruis-Pelgrim (2008) deep product attachment is constituted if the product 
gives the feeling that the product user is loved or cared for, if the product 
awakens memories of some person who is important to the product user. The 
product is also important if it symbolizes a bond with friends or family or if some 
special person has been in contact with the object. All these levels can be seen in 
attachment with home textiles, which will be discussed further in the empirical 
part of the paper.  
    An aforementioned aspect can be useful in the design process. Cagan and 
Vogel (2002) state in their theory of breakthrough products that value opportunity 
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in design differentiates the product in competition such that the consumer’s 
needs, wants and desires affect the purchasing decision. The greater the 
experience the product offers to the user the greater the value of the product to the 
user. Cagan and Vogel have identified value opportunities classed as the 
following: emotion, aesthetics, identity, ergonomics, impact, core technology and 
quality. All these also relate to the product’s usefulness, usability and desirability. 
They furthermore state that a successful product must connect with the personal 
values of the consumer. 
    When a consumer becomes attached with a product (s)he will take better care 
of it and (s)he is also not eager to replace the product easily with another one. 
This is uniqueness in the product that may arouse a deeper product attachment in 
the consumer’s mind, thus a deeper product attachment may extend the product’s 
lifetime. Hence uniqueness in design is one possibility promoting sustainable 
consumer culture. (Mugge, et al. 2004) 
    If the designer can link the new product deeply with a consumer’s emotions, 
identity, aesthetic needs (that is, values and lifestyle) and personal memories, the 
design process can achieve a deep product satisfaction and product attachment. 
This is possible through a good design service and technologies which offer 
possibilities for individual and unique design as is the case with digital textile 
technology. 
     To better understand consumer product attachments in the home textile field, 
the following describes a study on Finnish consumers’ product attachments in 
home textiles. These will be reflected upon later regarding the issue of uniqueness 
and customizing. 
 
Product attachment in home textiles 
In this section are represented the results of a consumer inquiry in Finland. The 
inquiry was carried out as an online inquiry in spring 2009. A total of 246 
respondents participated in the inquiry. The survey offers several guidelines to 
consumer interest in home textiles and some interesting findings on product 
attachment and the meaning of uniqueness in home textiles. In the conclusion 
these findings and their meanings to customizing are summarized.    
The purchasing decision in home textiles 
For the background of this study the consumers were asked about their 
purchasing decisions. While asked which elements mostly affect the purchasing 
decision in the home textile area the respondents answered in the following way. 
The most important aspect is the product’s suitability for the intended use. Second 
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is the real need for a new textile and third is the suitability for the existing interior 
decoration and furnishing. (See Table I.) 
 
Textile purchasing decision 
1. Suitability 94.4% 
2. Real need 93.9% 
3. Suitability for existing interior decorating and furnishing 93.1% 
4. Quality 92.3% 
5. Colour 90.3% 
6. Easy-care 89% 
7. Suitability for  water washing 87% 
8. Price 85.3% 
9. Long life span 85%  
 
Table I. What affects the home textile purchasing decision.  
 
    The product’s functionality is vitally important for the success of the product 
(McDonagh, 2002). Besides functionality important aspects are also appearance 
and aesthetics in home textiles. Consumers also respect quality and a long 
lifetime of textiles which links to sustainability issues. To better understand 
emotional bonding to home textiles the paper continues to analyze the user’s 
needs beyond functionality. 
The meaning of home textiles 
When asked in the inquiry what home textiles mean to the consumer, the 
respondents answered as follows. The most important meaning is practicality, 
secondly is beauty and the aesthetic aspect, and the third is the creativity aspect. 
With home textiles it is most easy to renew the atmosphere in the home. It is also 
reasonable in cost to make colour and pattern changes with textiles. With home 
textiles everyone can express their own creativity easily and implement their own 
or trend magazines’ dreams for a perfect ideal home. This aspect intertwines with 
the construction process of own individuality and self in the home environment 
and in the context of contemporary consumer culture. (See Table II.) 
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The meaning of home textiles 
1. Practicality 94.2% 
2. Beauty 93.4% 
3. Creativity 77% 
4. Own identity 69.6% 
5. Protection 69.1% 
6. Own ideology (for example green values) 55.2% 
7. Safety 50.1%% 
8. Direction in one’s life 37% 
 
Table II. The meaning of home textiles 
 
    In open answers comments were given that home textiles mean memories, 
cosiness and stability. Textiles can also create a strong link to one’s own 
individuality and feeling of uniqueness, as in the following quotation. 
 One’s own home feels like one’s own mainly because of curtains and carpets and because of 
the colours and patterns in the furniture. 
Product attachment in home textiles  
When asked about the reasons through which the consumer feels attached to 
textiles, again the significant aspects were functionality and aesthetics. Respect 
for good quality can also be seen in these answers and good quality interlinks to 
the long life span of textiles. However, as stated earlier in this paper, in product 
attachment memories are issues of substance. Uniqueness and individual design 
were in sixth place. Despite this position, 64.4% of respondents consider this as 
significant. Uniqueness is an important element in product attachment in home 
textiles. Rather many respondents also respect handmade, self-made and textile 
age aspects while estimating product attachments in textiles. A high price on the 
other hand does not create deep product attachment itself, since only 40.8% of 
respondents agreed with this alternative. (See Table III.) 
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I am attached to the textile because it  
1. is well functioning  96.7% 
2. is aesthetical  94.7% 
3. is made with good quality  91.2% 
4. evokes memories 74.9% 
5. is inherited  71.6% 
6. is unique, designed just for me  64.4% 
7. is handmade  64.1% 
8. is self-made  62.1% 
9. is old  61.1% 
10. is valuable  40.8% 
 
Table III. Product attachment in home textiles 
 
     Respondents also mentioned more functional and practical reasons regarding 
why the textile has been saved. They mentioned the good quality in old textiles 
and compared this to new textiles, which they think are generally made with bad 
quality. Consumers also mentioned classical design, durability in design and 
quality and also the practicality of the textile. The following is a quotation by one 
respondent: 
 The most lasting home textiles are the ones which are original, individual, and this is the 
reason you are attached to them and that’s why they last long. 
    The following texts analyze more closely the emotional bonding in home 
textiles according to the inquiry.   
Connection to family 
As pointed out earlier in this paper and according to Norman (2005), the 
consumer becomes attached to objects if they have a significant personal 
association. Significant personal associations include the connection to his/her 
own family history. This can also be seen in the results of this inquiry. When the 
respondents were asked to talk about the oldest home textile they possess, nearly 
all of the textiles were somehow linked to their own family history, grandmother, 
mother or some other relative such as an aunt or father, or to their own childhood. 
One respondent stated the following: 
 The textile has been saved because I want to retain these memories by taking good care of the 
textile. 
    Meaningful textiles carry memories, they act as containers of memories 
(Koskijoki, 1997), and they are well kept; they are cherished, they have emotional 
value and they last over time even if the user’s identity changes or home moves to 
another place and changes appearance. It seems to be especially important that 
home textiles often link to the female continuum of family history as can also be 
seen in the following theme of work. 
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Work and effort 
Textiles with a long life span are full of memories, stories, connection to family, 
and symbolic values. In addition, the appreciation of time, time-consuming work 
methods and the handmade aspect were mentioned in several texts. When asked 
about the stories about the oldest textile the respondent possesses, several 
mentioned hand embroidery, hand weaving, hand printing and crocheting. The 
consequent interpretation is that the effort in hand work and slow, time-
consuming techniques is a valuable aspect for the owner. The following is one 
quotation. 
…which my grandmother has made herself quite from the beginning: she has cultivated the 
linen, she has made the yarn from the linen, she has woven the textiles by herself and made the 
hand embroidered marking using her maiden name. 
    Another example talks about the old times, when women had to make the 
bride's outfit before the wedding.  
Inherited bed sheets are made of self-cultivated linen and they are part of the bride’s outfit. 
    Textiles valuable enough to be considered as inherited items are old handmade 
linen sheets. Making by hand is an ephemeral skill in our present fast way of 
living. At the same time it is appreciated especially when it links to our own 
mother’s or grandmother’s efforts and skills. As described earlier, in old textiles 
someone important has actually been in physical connection with the textile. 
There is a strong emotional charge in those textiles that have been made by the 
hands of our own mother or grandmother. 
 Self-made 
The self-made aspect is linked to the earlier aspect of work and effort but at a 
lighter level. Contemporary hand-making involves light modifying and fast 
creativity that is not as time consuming a handcraft as those described in the 
previous paragraph. The self-made aspect can be seen as persons needing to 
realize their own individuality and creativity in our contemporary consumer 
society where everything is bought so easily: everything can be found as a mass 
manufactured option. Self making can be something small like a hobby, 
modifying an already existing object or sewing new curtains for your living room. 
It can also be more challenging and demanding and can include processes such as 
learning new techniques, as described in the following quotation. 
The textile includes a lot of happiness in the success and development of my own creativity. 
    Self–making is also linked to deeper meanings of one’s own creativity, 
construction of self and the context of modern handicraft. As stated earlier in this 
paper in the section on individuality and uniqueness, the level of uniqueness can 
also be seen in the need to build one’s own individuality through self-making and 
the context of individuality in a postmodern society. 
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Childhood 
Often textiles carrying childhood memories are the most special, perhaps falling 
to pieces but still deeply loved. They represent some already extinct period of a 
person’s life. Childhood memories can be bittersweet ones. They carry an ideal 
concept of home and family life, but they can also fill us with melancholy, as in 
the following quotation. 
The blanket has already got fluffy and time-worn, but it has followed me over ten years from a 
broken home. It is really not used anymore, but sometimes with my siblings we drag it out and 
then we remember the good childhood memories that are also interlinked with the blanket. 
    The blanket from childhood is brought out when sisters and brothers want to 
remember good memories of an ideal, wholesome family. The textile symbolizes 
the neverending, always happy and carefree childhood life, which no longer 
exists. Perhaps it even gives comfort to the user in conflict situations in adult life. 
Touch, tactile memory 
In meaningful childhood textiles tactile memories are also connoted, as can be 
seen in the following quote from the inquiry. 
I have a blanket that has followed me from childhood. At the moment it has begun to fall to 
bits at the seams, but because it feels extremely comfortable it will continue for years in 
service after repair.  
    In texts about childhood textiles touch was often mentioned: the feeling of the 
textile, comfort, and the softness of the fabric. The tactile element appears to be 
essential when developing important childhood memories, and these tactile 
memories seem to follow into adulthood.  
Special moment, feeling of something special 
Objects are the carriers of memories from special situations, moments or feelings, 
as stated earlier. They carry us years back just in a moment, and we remember 
again the strong feelings and connections. One fine example is the following, 
where the writer describes one special moment which connects her to her 
childhood. In the quotation the respondent is writing about a childhood blanket 
that has followed her for over seventeen years.  
I remember the day when I and my two brothers were with mother and father buying those 
(blankets). The boys got blue ones, which were made of rough material, but I, the only girl, 
got a lilac one, which happened to be a soft and slippery fabric, and which the boys were 
afterwards very jealous about. 
    This text illustrates not only the memory of that very special moment 
experienced together with the family but also this girl’s special place in the 
family. She felt special and received different attention from the boys. The 
blanket was also the object of desire and jealousy. This textile has reminded her 
of this feeling of special and parental attention throughout her life. 
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Direction in life 
Direction in life is one aspect linking strongly to home textiles. Especially the 
moment when a person becomes independent, that is to say, moves into their own 
home and begins an adult life, evokes strong memories of home textiles. In the 
inquiry’s open answers several narratives can be found about these memories 
either linking to an independent life or life together with a husband or wife, as the 
following quotation describes well. 
The first duvet covers, bought once together with my wife, have a huge emotional charge. 
Another respondent said: 
Duvet covers, which I bought 27 years ago, when I moved to our first rented home together 
with my husband. The duvet covers have needed repairs a couple of times, but I still remember 
the feeling when I washed them the very first time and I hung them up outdoors to dry: I have 
moved away from my childhood home and I can do this by myself whenever and however I 
want to. 
    In these stories the textile symbolizes a new direction in life, the beginning of 
adulthood and a new kind of responsibility and freedom. 
Uniqueness in home textiles 
According to this consumer inquiry, in general 53.9% of respondents were willing 
to see uniqueness in textiles in the future. A division was made regarding the 
respondents’ personal ethical commitment. In this inquiry”Ethical hardliners” 
were those consumers who were in general more interested in ethical 
consumption than the other respondents: they realize an ethical interest in their 
purchasing behaviour more often than other respondents, and while purchasing 
textiles “Ethical Hardliners” always take into account the ethicality, product 
safety issues and environmental impact. 
    According to this analysis, “Ethical hardliners” are more interested in 
uniqueness, modifying possibility and the possibility that the textile would be 
designed and made just for her/him. A total of 86.4% of “Ethical hardliners” were 
interested in unique textile products, whereas only 50% of ethically “Not 
interested” consumers were interested in the uniqueness in textile products. The 
same tendency can be seen in the answers to this question: should future textiles 
be designed and made just for you, and in this way can it be possible to deepen 
the product relationship and thus decrease consumption? A total of 59.1% of 
“Ethical hardliners” were interested in this option, whereas only 16.7% of “Not 
interested” respondents agreed with this. (See Table IV). 
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Can future 
textiles be 
“Not interested 
in ethical 
consumption” 
“Do what I 
can” 
“Conscious 
consumer” 
“Ethical 
hardliners” 
somehow 
unique 
50% 63.7% 81.7% 86.4% 
suitable for 
modifying 
33.3% 43.4% 53.9% 63.6% 
designed just 
for me 
16.7% 36.2% 34.7% 59.1% 
 
Table IV.  Can future eco-textiles be unique, suitable for modifying and 
designed just for you? 
 
    According to Norman (2005) one powerful way to achieve a strong positive 
sense of self is a personal achievement, as in a hobby, where people can create 
unique things and through this they earn appreciation of others and themselves. 
Can this same attitude be seen in the interest in seeing textile products which are 
suitable for modifying? As illustrated earlier the strong need for individuality in 
our contemporary consumer society can be seen in the need for a “made by 
myself” attitude.  Can a design service, and the aspect of the end-user taking part 
in the design process, be seen as a contemporary self-making, modern handmade 
process? Can this kind of design process give the same kind of satisfaction as the 
real making-by-hand process? The following is a quotation from the inquiry. 
When asked the story of a long-life home textile one respondent commented that 
the textile has been durable, because: 
I have been involved in the design process of the textile and it includes my favourite colours. 
Originally the textile was designed for one of my homes and it carries one state of my life in it. 
The textile product can be reconstructed to fit the space and you can change the shape of it. 
The product in a new place looks like it has been designed just for that place, and the materials 
have lasted well. 
    From this comment it can be interpreted that the owner of the textile has 
developed a deep product attachment, not only because the textile is unique, but 
also through being involved in the design process and having the possibility to 
influence the final outcome of the design process. The respondent also continues 
the design process when moving into a new home: the user has a new experience 
with the product when rebuilding a new composition with the textile, which has a 
modular structure. The user can thus actualize her/his own creativity and be part 
of the continuing design process. Hence (s)he is creating meaningful uniqueness. 
    According to Anne Berner (Personal communication, August 21, 2009), 
Managing Director of Vallila Interiors, the best way to increase the life span of 
textiles is through uniqueness, a designed-just-for-me aspect in the product. 
Second best is the aesthetic aspect and thirdly the classicism of the design. 
Achieving uniqueness in textiles requires a personal design service, and hence a 
personal and deeper product attachment is developed. From a sustainable 
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development perspective Berner believes that uniqueness in products means a 
deeper product attachment, meaning that this kind of unique product will be 
replaced less frequently than mass-produced ones. 
    Berner (ibid) has also evaluated those aspects that are important in unique 
digitally printed textiles. She made the evaluation through one personal example, 
a textile designed for her home whose starting point for the visual design was her 
grandfather’s diary.  The most essential aspect, according to Berner, is the 
suitability for the interior. The second-most important aspect in this product is the 
connection to her own family history. The third aspect is the aesthetic of the 
product. The fourth one is the theme for the design, and subsequently the colour, 
long lifetime of the product, and finally the importance of uniqueness is at the 
seventh level. (See Table V.) 
 
The important aspects of a uniquely designed textile 
1. Suitability to interior 
2. Connection to family history 
3. Aesthetics and design  
4. Theme for the visual design 
5. Colour 
6. Long lifetime of the product 
7. Uniqueness, designed just for me 
 
Table V. The important aspects of a uniquely designed and digitally printed 
textile through personal experience 
 
    When asked to make an evaluation according to a general interest in digitally 
designed and produced textiles, Berner (ibid) prioritizes the aspects in the 
following way. She estimates that the most essential aspect to the desirability of 
digitally printed textiles is the implication that it is designed just for you. 
Following this were the aspects relating to aesthetics and beauty, the functionality 
of the product, a classical design, the design service, the price and finally a well-
known brand or designer. (See Table VI.) 
 
Desirability of digitally produced textiles 
1. Uniqueness, designed just for me 
2. Aesthetics and beauty of the product 
3. Functionality, suitability for the interior 
4. Classical design, timeless product 
5. Design service 
6. Price 
7. Well-known brand or designer 
 
Table VI. The important aspects that create desirability of digitally produced 
textiles 
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     Digital technology gives new design service and production possibilities in the 
home textile and decoration area. It also offers quite new possibilities to deepen 
product attachment and thus uniqueness which interconnects to sustainability. 
Through this kind of design process it is possible to place the consumer’s 
attachments, emotions and meaningful visual elements at the centre of the design 
process; the outcome is deeper product satisfaction and hence extended product 
lifetime. 
 
 
 
Discussion and conclusions 
 
The various approaches to product attachment discussed in this paper not only 
address many levels of product attachment in meaningful home textiles but also 
reclaim the end users’ emotional level in a customized design process. According 
to Schifferstein and Zwartkruis-Pilgrim (2008) the relevance to design practice is 
to intensify the emotional bond that users experience with the products and in this 
way create durability in consumer choices.  From a sustainability perspective to 
product design it might be advisable to design products with deep product 
attachment.  According to Mugge et al. (2004) it is essential and valuable if the 
designer can influence the degree of attachment consumers experience to their 
products. To realize this, one possibility is to design products that better interlink 
with the user’s needs and emotions, and hence the design service that produces 
unique home textiles with the help of digital technology is one opportunity to 
produce meaningful and durable textiles, close to the end user.   
    From the inquiry it can be interpreted that meaningful home textiles evoke 
strong memories. As Norman (2005) states these meanings are included at the 
level of reflective design where the activities of self-image, identity construction, 
personal satisfaction and memories happen. As Cagan and Vogel (2002) argue 
these are also the value opportunities in breakthrough products. Identifying 
meaningful product attachments in home textiles offers the designer a better 
understanding upon which (s)he can base her/his design work in an individual 
design service process. As the aesthetic and identity aspects are significant in 
long-lifespan home textiles these are also possibilities towards which to lean the 
design process and in this way create deep product satisfaction, joy and positive 
experiences with home textiles.  
    From the inquiry it can also be interpreted that an important product attachment 
in the home textile area is the connection to family history (especially mother, 
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grandmother or childhood), and the possibility to make it yourself or to take part 
in the design process. It is an important opportunity for a design service 
connected to digital techniques to design individual textiles based on the 
consumer’s personal memories and emotions. Hence it is possible to create deep 
product attachment and satisfaction through customizing. Added to this it is 
possible to create textiles that include a rebuilding possibility, changing the 
composition aspect and even a do-it-yourself level. Thus this creates a deeper 
creativity, individuality and self-construction experience for the user. As 
Chapman (2009) stated the meaningful discursive engagement between the user 
and product develops through time and stimulation. In this context the user is an 
active partner or player in the design process, not only a passive spectator. This 
discursive level can be actualized through modifying the textile, having the 
possibility to construct the textile from smaller pieces (modular structure) or by 
partaking in the design process itself. 
    The need for individuality leads to the demand for uniqueness in our present 
consumer society. Uniqueness combined with good design and a design service 
creates deep product satisfaction and attachment. As represented earlier, 
consumers with strong ethical commitment are more interested in uniqueness in 
textiles. Digital techniques may likely stay in niche markets, but they could be 
marketed as a sustainable way to design and produce meaningful, long-lifespan 
textiles, close to the end user (mentally as well as physically), and in this way 
create desirability for consumers.  
    Experts strongly believe that uniqueness shall emerge as a larger trend in home 
interiors in the future (P. Grönqvist, interview, August 14, 2009; A. Berner, 
personal communication, August 21, 2009); According to Aura et al. (1997) a 
habitation changes to a home through personalization. Therefore in the home 
environment uniqueness and customizing has a large potential to deepen the 
product satisfaction and hence extend the lifetime of meaningful home textiles. In 
summary textile design has the potential to connect to customers’ deep 
emotionally meaningful memories, profound and poetic human needs for modern 
design, and in this way achieve emotionally durable textile design. 
    Designing unique home textiles with the help of digital technology is one way 
to focus on deep product attachments and better consumer emotional satisfaction 
with a customized design service. Customizing home textiles might be one 
opportunity to focus on sustainable textile design in the future.  
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Abstract. This paper presents a development project which aims to create a market
place for sustainable homes – around a design community where the uses and
producers collectively can develop new energy efficient solutions and thereby reduce the
emmisson of CO2. The core functionality of the design community is a configurator
where the users based on the produceres templates can design their own home at a
selected address visualizing and estimating the energy consumption, total cost, CO2
emission etc. All the designs will be collected and rated in a design space creating
transparency over the market and technologies. Furthermore will an idea space collect
and rate ideas from the users. Through a combination of technical and user driven
innovation the design community will act as a learning tool for the users and producers
and thereby facilitate the development of a market for sustainable homes.
Keywords. housing, configuration, sustainability, community, design, collaboration,
innodation
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Background
40% of Europe and Denmark’s energy consumption stems from dwellings and are
thereby the single most important source for CO2 emissions. Despite this fact a
market for energy efficient and sustainable homes does not exist. CO2 reducing
technologies and practices have existed for ages but their popularity have been
limited and a market for sustainable homes has not gained momentum.
Typically, this is explained by that, the users lack information to act rational.
Consequently are the efforts often placed on campaigns designed to convince users
about the savings of sustainable construction. New research however shows that
users do not behave irrationally; they just unconsciously consider a wide range of
benefits and the costs of implementing energy savings (Michelsen, Rasmussen &
Rosendahl 2009). What however are missing are tools that easily can provide an
overview of the pros and cons of building sustainable. Such systems do not exist
today, and thus it is up to users' own initiative to compare different technologies
and businesses. Since this practically is an impossible task, the customer ends up
focusing primarily on the construction cost at the expense of the total economy
and sustainability.
The lack of momentum for developing a market for in sustainable homes should
also be found among the strategies of the industry’s own actors, namely the
producers. Although energy saving technologies has existed for ages, the
producers usually omit to implement them in their houses, as it increases the
construction costs. The consequence is that the vast majority of houses being built
today are realized at the lowest acceptable level in relation to energy legislation. At
the same time are the currently developed reference projects of sustainable
buildings typically very expensive and thus not relevant for ordinary residential
use.
The development of a market for sustainable housing are thus in a deadlock.
Despite the fact that sustainable housing is widely celebrated as an important mean
for CO2 reduction, the users do not demand energy efficient homes and at the
same time are these not supplied by the industry.
Aim
The paper presents the preliminary results of a development project with the goal
to overcome this deadlock and kick start a marketplace for sustainable homes.
Specifically is the ambition of the project to
(1) provide a platform for systematic innovation around sustainable housing
(2) develop sustainable solutions based on integration of new and existing
technologies and practices
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(3) create transparency for users of the market for housing and energy
technologies
The structure of the solution
The solution is build upon web 2.0 technologies in a combination with existing
practices for design and production of homes. The idea (which is illustrated in the
figure below) is to develop a web based design community with the participation
of two central user groups: 1 the users and 2 the producers of sustainable houses.
The central elements of the design community – a design tool, an idea-space and a
design space – are shortly described in the following:
The design tool
In the design tool (configurator) the users
can chose and design their home based on
the producers templates on a selected
location/address e.g. specified from
Googlemaps. During the configuration
process the consequences of the users’
choices are estimated and visualized for
construction costs, energy consumption,
CO2 emission, and total costs. As
information about district heating and gas is integrated in the configurator it is
possible to optimize the CO2 emission and total costs for any given address.
Figure 1: The basic principles of the design community
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The Idea space
In the idea-space the users can share
their ideas with other users of the design
community and at the same time rate
other users’ ideas. The producers will be
able to follow the development of the
ideas and are obliged to deal with the
most popular ideas. The inspiration for
this functionality comes from sites as
dellideastorm.com, mystarbucksidea.com
and lately the Whitehouse’s gathering and rating of questions from the American
people to Obama1.
An important functionality of the idea space is a marketplace where users can
submit sketches of their own visions of a perfect home which the producers can
help them realize.
The design space
The design-space keeps track of the user-
designed homes from the configurator and
the market place and benchmarks them in
relation to energy consumption,
construction cost and total costs. At the
same time, can the users recommend and
work with each other's designs. The
design space will also illustrate which
designs that have been realized by the
users and producers. Hence will it be the design space, which creates the
transparency – of the market and technological solutions.
How will it work?
The design community will facilitate the development of sustainable housing by
acting as a learning tool for users and producers. Users will by their own and
others designs learn how to design sustainable. Through the design community, the
producers will get access to and insight about the users' needs. In this way, will the
design community work as a translator of user requirements into real sustainable
1 http://www.whitehouse.gov/OpenForQuestions/
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solutions in an innovation process, combining push and pull mechanisms as
illustrated in Figure 1.
This innovation process will be user driven in two ways. Firstly, it will be user
driven in classical sense by mobilizing users' ideas and needs in the development of
new sustainable solutions, known from New Product Development (NPD).
Secondly is it user driven in the sense that it is developing the users (users and
producers) as these roles not are fixed but always in the making. It is precisely
through this mechanism that the deadlock in the market for sustainable housing
can be overcome.
However, one thing is that it might work theoretically, but this requires that the
users and produces in practice will adopt this “conceptual” idea. From the users
perspectives the value proportions are straight forward as they are given a system,
which provide them with valuable information regarding design and production of
homes. This may also help to kill and qualify some of the myths that exist about
sustainable construction, as the ongoing discussion about whether heavy or light
structures are most energy efficient.
The value proportions for the producers are on the contrary vaguer, as the
system will create transparency regarding their products (houses) - a transparency
which usually is not endorsed by traditional businesses2.
In order to strength the value proportions for the producers, the design
community will work as a sales channel for the participating producers, creating a
competitive environment among the producers, which will promote competition on
energy efficiency and total costs rather than the construction cost. Thus will the
producers be encouraged to develop energy and cost effective solutions –
Figure 2: The design community as a sales channel
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minimizing the CO2 load, without compromising the economy.
2 A well know example in Denmark are Boliga.dk, who have created transparency in the real-estate market,
challenging the existing business models for real-estate agents.
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The sales channel will as illustrated in Figure 2 will be developed in a joint
venture with Boliga.dk – a web 2.0 company that by the use of Googlemaps have
created a site where users can search for all apartments, houses, etc. at sale in the
Danish, Swedish, and Norwegian real-estate market. The basic idea is to develop
an “integration” so the users looking at a piece of land at Boliga.dk can be
forwarded to the design community where they can choose and design a house on
that specific piece of land.
The design community will as illustrated in the figure receive around 1500 users
/ month from Boliga.dk. Compared to this is the current market size for single
family houses 500-650 house / month, of which only 1/3 is realized by producers.
The development of a competitive situation as described obviously might act as
a barrier to the design community. The preliminary project has however shown
that as long as competition between the participating producers is healthy, it will
not act as a barrier. Rather it is believed that the participating producers jointly will
be competing against the companies that are not members of the community.
Furthermore will the design community be able to expand the producers market as
it can juxtapose the total economy of a new house with an existing and there
estimate which existing house are too faulty for implementing energy saving
technologies.
After the development, the financing of the design community – including the
recruitment of users from boliga.dk – will be based on a fee from the producers
sharing the running costs of the design community. In this way the fee will
decrease as more producers are participating in the design community. However,
this trend will at the same time strengthen the competition among producers, as
they have to share the same amount of users. This principle is illustrated in the
Figure 3: The competition in the design community
Thuesen and Jespersen: Building a design community for sustainable homes
Submitted to 5th World Conference on Mass Customization & Personalization MCPC2009 8
following figure.
User involvement in the development process
It is essential that the development of the design community takes places in a user-
driven process, so that both users and producers are involved in the initial design
of the design tool (the configurator). The reason is that this tool afterwards will
guide and structure the design in the design community. Hence, the project has an
embedded innovation process. For this to be successful, the project itself has to
conduct user-involvement in the development process of the configurator. A user
may not only receive the developed product as user, buyer and/or product but may
also give valuable input that influences the new-product project outcome as
resource and/or co-creator. Each role has a place in the NPD process where users
are most beneficial to new-product projects. The roles that users can have in a
new-product project depend on their expertise and project complexity. High
project complexity calls for high expertise. Not all users can contribute to NPD in
the same way (Brockhoff, 2003; Enkel et al, 2005).User-involvement throughout
the development process requires participation of five types of users – requesting,
launching, pioneering, first-buyer and leadusers (Brockhoff, 2003; Enkel, Perez-
Freije and Gassmann, 2005; Jespersen, 2008). Users can have five different roles in
organizational NPD and value creation. A user may be a resource, co-creator,
user, buyer and/or product. From a user perspective, the change within a user is
the real end-point of the NPD process (Lengnick-Hall, 1996).
To ensure user-involvement in the development process of the configurator, the
project establishes two user-panels, each including all five user types; a panel for
end-users and a panel for producers. These panels will be active partners in
developing the configurator and the idea space thereby building the foundation of
the design community.
Perspectives
The project is innovative in a variety of ways:
(1) The project involves users systematically in the development of sustainable
homes. This is in clear contrast to the traditional project based construction
which obstructs systematic user-driven innovation.
(2) The development of a design community for sustainable construction is
novel not only in Denmark, but throughout the world. The idea of
involving users in a webbased design community has not seen before in the
construction industry. Boliga.dk is one of the only examples in Denmark of
a user community around dwellings. The idea of combining the user-
communities and design is however known from other sites as
www.ponoko.com, www.spreadshirt.net and www.physicaldesignco.com.
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They are examples of an extreme degree of user-driven innovation, where
the user is the designer.
(3) The ability to let users build their house using a configurator on a selected
piece of land is also innovative. Today there only exist a few examples of
house configurators and those that exist is not capable of estimating and
visualizing energy consumption, CO2 emission and total costs.
(4) The system will help to create clarity and transparency of the many
different sustainable technologies that exist today
(5) The aim to reduce the costs of sustainable construction is unique. Usually
energy efficient construction has traditionally been associated with higher
costs.
Besides the innovative parts, the project is also scalable
(1) The design community can also be used in other construction-related
contexts. Thus, it could act as a platform for the involvement of users in
developing a market for sustainable upgrades of the existing building
portfolio.
(2) Secondly a financing functionality can be added to the configurator making
the users capable of designing the economy of their “configured” house.
(3) Finally is design community also relevant in an international perspective.
Thus, we expect that there is potential to “export” the way of thinking to
other countries. As a starting point we plan to use Boliga.dk's presence in
Sweden and Norway enabling Danish producers to sell their houses outside
Denmark while the foreign producers will be able to access the Danish
market.
Conclusion
We have in this paper presented a development project, with the ambition to
develop a market for sustainable homes, in close collaboration between users and
producers. The core idea is to develop a design community where users can design
their own home at a selected address visualizing and estimating the energy
consumption, total cost, CO2 emission etc. All the designs will be collected and
rated in a design space creating transparency over the market and technologies.
Furthermore, will an idea space collect and rate ideas from the users. Through a
combination of technical and user driven innovation the design community will
work as a learning tool for the users and producers and thereby facilitating the
development of market for sustainable homes.
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Abstract. This paper investigates mass-customization in the context of sustainability.
The research for this paper is done by comparing two schools. The case study of the two
schools is presented from the aspect of customisation in construction industry with an
aim of reducing environmental impact. It will compare two buildings; an old junior high
school which has been abandoned and a new one which has been built using a semi-
customisable building system to replace the old one. Having a thorough in-depth study
on the costs involved, the two projects will be compared with each other against their
energy and environmental impacts. The two examples will be monitored in the most
suited and appropriate way for each particular case. In the old building the energy (gas
and electricity), and water consumption will be compared to those of the new building,
which are normally expected to be higher. This will form a basis to investigate that
whether or not environmental impacts of post occupancy operations of a builiding justifies
its replacement with a new building. In this study, however, there has been other factors
(mostly non-technical ones) involved which were speculated wherever pertinent.
Keywords. Customisation, Sustainability, Built Environment, Architecture, Construction
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Introdction:
Current paper compares two school buildings – the old and the new Mundy Junior
Schools – with each other to figure out which scenario is more environmental
friendly; refurbishing an old building and resuming using it or demolishing
(abandoning it), building a new one and moving into it. This will initiate with an
architectural comparison between the two buildings to indicate the necessities,
requirements, preferences and restrictions which led to this decision to be made.
Then an environmental impact assessment will be carried out to contrast the
impact of each scenario. The fact that the old building was not demolished and
replaced by the new one, but the new building was built in another site nearby, is
particularly to the benefit of this paper because it gave the researchers the
opportunity to carry out more realistic and up-to-date assessment. The assessment
will be conducted in order to take into account post occupancy operation measure
i.e. water and energy consumption. This will include the impact of the building
whilst they are fully operational and serve the satisfactory standards, norms and
expectations. The research findings can be seen in the general framework of how
customisability may (or may not) participate in delivery of measures of
sustainability in the built and natural environment, as the new Mundy Junior
School has used a contruction system which can offer a platform for a
customisable construction system1. The paper will also contribute to
refurbishment from a sustainability perspective, i.e. sustainable refurbishment;
which is currently in the centre of attention in the UK and elsewhere, and has
raised a notable amount of controversy to whether or not it is sustainable at all.
A wide range of consultaion, and phone interviews as well as site visits have
been carried out to collate data and obtain information required for the current
paper. Those information along with some previously gathered data were used to
conclude on what led to the decision and then an analysis was carried out to
critically compare the two buildings’ footprints and environmental impacts
against each other to be able to advise on which root is more sustainable to be
taken, to what extent, in what context/conditions and how.
To great surprise the ironic point is that after being abandoned for nearly 4
years, the old building has recently been refurbished by local building
associations to once again be used as a school. The refurbishment of the building
has nothing to do with Mundy School, Church of England, or the Derbyshire
1 For further details on system used in Mundy Junior School please refer to:
Piroozfar, A. E. (2008). Mass-Customisation: The Application on Design, Fabrication and
Implementation (DFI) Processes of Building Envelopes. School of Architecture. Sheffield,
University of Sheffield. PhD.
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County Council; it is, this time, to be accommodated and used by autistic
children.
Background History:
Mundy Church of England (C of E) Voluntary Controlled2 (VC) Junior School or
briefly Mundy Junior School has a relatively long history. The old school’s
building dates back to 1891 (See Fig. 1) in which the school was continuously
held by the end of 2004 academic year.
Fig. 1: Mundy C of E VC Junior School; the old building
Fig. 2: Mundy C of E VC Junior School; the new building
2 In “Voluntary Controlled” schools in England (normally church schools), the property is
often owned by a charitable foundation. The school’s staffs are employed by local
education authorities who are responsible for admissions. The “National Curriculum” is
followed; the school is funded by the government and does not charge fees.
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The school was then relocated to a new building which was built nearby in the
same council district. It was designed to conform to Department for Education
and Skills’ ‘Building Schools for the Future’(DfES 2003). The new building was
based on a concept design by Sarah Wigglesworth Architects for the Schools for
Future commissioned by DfES. The schematic design was developed by the
Derbyshire County Council architectural department in collaboration with
CLASP (Consortium of Local Authorithies Special Programme), Skanska UK
(the system contractor) and the school governers represented by the school’s
headteacher Mr. K. Gibbs (See Fig. 2).
Both buildings are located in residential areas in Heanor, Derbyshire. The
neighbourhood in which the old building has located is by far denser than that of
the new building. This has resulted in the old building having a very small and
plain playground whereas the new building benefits from a large playground
outside as well as a fantastic multi-purpose inner courtyard. In addition, the new
building has the advantage of sitting well back in site to prevent the students from
noise; the problem which had been facing the old building (See Fig. 3).
Fig. 3: Old building (left) and new building (right) in their contexts: the density of the urban
texture determines how the playgorunds are managed and how the outdoor noise is coped with.
The two buildings however, are not located very far from each other. This
makes any environmental comparison more realistic. The directions of the two
buildings which affect their use of natural daylight is not quite the same. This can
be seen in Fig. 4. Admittedly as the new building is purpose-built and was having
no restriction on its layout in site, there should be more advanced in striking a
balance between deployment of natural daylighting and limiting the greenhouse
effects. This will be discussed later on when the buildings are studied from
technical point of view.
Piroozfar, Popovic Larsen and Altan  MCPC2009 Full Paper
Submitted to 5th World Conference on Mass Customization & Personalization MCPC2009 5
Fig. 4: The old and the new Mundy Junior School are both located in the same district not very far
from each other. Site layout and the directions are different. This will affect how the building can
benefit from the natural daylighting while eliminating the superfulous heat.
Mundy Junior School: Old vs. New
Quite evidently maintenance (and also repair, improvement) are quite crucial
issues when an old building is being dealt with. This might come to a point at
which more substantial decisions are required to be taken, when the building
might need major restoration or total renovation. If this is the case, other solutions
might arise as a rival to a total renovation, namely commissioning a new building.
Apparently each and every decision of such kind needs its very own justification
to be considered by the decision-makers and to be endorsed by the financing
bodies.
Fig. 5: Old Mundy School                                              Fig. 6: New Mundy School
The justifications for a decision can be classified differently depending on the
type of the decision, where, when, how and by whom they are to be taken, the
priorities, the structure and mechanism decision process and decision bodies, the
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stake-holders and many more parameters. There are definitely some arguments
for and against when any major decision is to be made either:
• To use an existing building and carry on spending on it wherever and
whenever needed ranging from high current costs of maintenance to major
renovation, or
•   To accumulate all the budget which is supposed to be spent over a period of
time (and probably to top it up with some extra amounts) and build a new
one
     In addition to what was said, there are some technical grounds to argue for
or against such a decision. With no attempt whatsoever to go into detail or discuss
or criticise methods in decision making (both in general and in terms of this
specific case), the current paper sets for one of those technical grounds. Despite
this very fact however, there is a need to find out how and why such a decision
has been made. Here, in brief, the paper gives the problems, ideas, obstacles and
discretions to support that decision. The main contribution of this paper remains
to be analysis of the two scenarios and to indicate which one could have been
more permissible regarding their environmental footprint and from a
sustainability point of view.
The need for a new building was decided by the school governing body
including representatives of Church of England, parents governors,
representatives of local authorities and the school head-teacher after consultation,
meetings, lobbying, and campaign at different levels, to be able to make sure that
it was being kept on the list five schools considered to be replaced by the
Derbyshire County Council in 2003.
Surprising, running and maintenance costs was not picked up by the head-
teacher as a major reason for that decision to be made, nor was the complaints by
parents or children. The main reasons pointed out by him were:
•   Not fit for purpose
•   No flexibility
•   Shortage of space
•   Quality of building
•   The concerns of the head-teacher and the board of the governors about how
the quality of the space affects the pupils learning
However, he also mentioned that some serious problems regarding comfort
were affecting the teaching and learning quality; some issues such as:
• Very high windows,
•  No possibility for the pupils to see a pleasant view (even if the windows had
been lower than they were),
• A choice of noise (if the widows were opened) or cooking to death (if they
were kept close),
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    There were also other concerns regarding the minimum space requirements
for the school. For instance one of the major problems was that the shortage of
space forced the kids to use the biggest classroom both as the dining room and
activity classroom (such as dance room) which made it necessary for the students
to swap their classes all the time. This large area was also sometimes divided into
two using partitions which not only was it restricted but it also was not
soundproof so if an activity was going on in one part it distracted the kids in the
second half who were having normal classes. There was also no dedicated area
for computers, nor was it enough room to equip one. In addition, there was no
proper wiring for having computers in all classrooms. There was no library, no
study room and no indoor activity hall. The head-teacher and staff rooms were
nothing more than a glorified corridor. One of the most important problems was
that due to government banning the kids entering open space (the yard) to go to
toilets, some changes to the existing layout were required. Even though, the
students had to pass through the other classes to access the toilets. On the top of
all these problems, it was playground with a small size and no green area for the
kids to play in.
The building condition itself imposed a heavy burden on the local authorities’
budget as it was listed as high maintenance on the Derbyshire County Council
maintenance list with three categories as low, medium and high. According to the
head-teacher, roofs and walls were both suffering from severe damp and had they
been stayed there, the roof would have needed replacement. In addition to the
damp, the other problem regarding the external façade of the building was that
despite the windows being fully functional, they were not soundproof as they
were not double-glazed. This was creating a problem as they could not really
justify the need for replacement of the windows on the basis of noise and/or
heating/cooling requirements only, while they looked fully functional. The
gutters’ eaves were rotten. They were painted but there was not enough budget to
replace them together with the gutters.
A Comparison of the Two Buildings
Compared to the old Mundy School the new building benefits from better indoor
space quality and higher construction standards e.g. better natural lighting and
better comfort conditions both for the kids and for the staffs, etc. It is naturally
ventilated and has no problems on the classroom side. However, on the
administration side it sometimes gets unbearably hot as natural ventilation simply
doesn’t work. The local authorities are considering air conditions for the school.
In terms of heating the new building has no problems in general, compared to the
old school which was heated by old radiators. There are some minor issues with
regulating heating and isolating classrooms as this is not easily manageable. It has
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been suggested that thermostats being installed for each space so the temperature
can be separately adjusted.
According to head-teacher, although it could still have been better, the staff
and the students are 95% happy with the design of the new building. One of the
problems raised by the head-teacher which seems to be reasonable was the lack of
a corridor to link the administration side and the class side. The students and
staffs need currently to pass through either the ICT or the library to access the
other side (See Fig. 7 and Fig. 8).
Fig. 7: ICT facilities                                                          Fig. 8: Library
Availability of practical areas outside of the classrooms as well as outdoor
classrooms (See Fig. 9) is amongst the strengths of the new design. The inner
garden court (See Fig. 10) which is currently underused, according to the head-
teacher, is another fantastic space which needs some permanent and temporary
seats to be more usable for the pupils both for their learning activities and for
refreshment. Other strengths of Mundy Junior School lie in its ICT facilities as
well as its dedicated Library (Fig. 7 and Fig. 8).
Fig. 9: Outdoor Classroom                                              Fig. 10: Garden Court
Piroozfar, Popovic Larsen and Altan  MCPC2009 Full Paper
Submitted to 5th World Conference on Mass Customization & Personalization MCPC2009 9
A big playground for kids is another very positive point of the new design. The
skylights in the activity hall (See Figs 11 and 12) are extremely useful when there
is an activity going on which needs more light. They can be covered using the
rolling vertical curtains if a performance is being given during a sunny day where
less light is desired.
Fig. 11: Skylight (Inside view)                                    Fig. 12: Skylight (Outside view)
Another raised issue was the possibility of using renewable energy in the
building i.e. solar panels and/or wind turbines.
Apart from some minor issues, which were addressed above, the new building
is by far better than the old one as it has been purpose built. Table 1 gives a
comparison of the educational facilities of the two building:
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Table 1: Comparison of educational spaces and facilities
Old Building New Building
1 No. of students 143 (194)* 157
2 No. of staffs 20 20
3 No. of classes** 6 6
Extended work area:
   • Practical area (´3)
   • Outdoor classroom
      (´2)
4 Administrative Head (New Conv)
Staffroom (New Ext)
Head
Staffroom
School office
5 Service Boys’ toilets
Girls’ toilets (New Ext)
Staff s’ toilets (Outside)
Servery
Store room (New Conv)
Boys’ toilets
Girls’ toilets
Staff s’ toilets
Kitchen
Furniture/PE store
Boiler plant
Cleaners’ room
Store (´5)
Teaching wet area (´3)
(1 between each pair of
classes)
6 Other facilities Shared space (used as
dining room, dance
class, etc.)
Playground
ICT
Library
Group room
Activity hall
Garden court
Playground
7 Gross total area (m2) 615.12 1199.68 (Indoor)
151.36 (Outdoor)
1351.04 (Total)
8  Per capita (m2/pupil) 4.3 (3.1)* 7.6 (Indoor) 8.6 (Total)
* The old school had a population of 194 pupils during one school year only
** Although the number of classes is the same, the size, in-room facilities and the quality of space
are totally different
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Analysis of Buildings’ Energy and Water Footprints
The case study looks at the analysis of a post occupancy monitoring of energy
(gas and electricity) consumption and water usage in both the old and new school
buildings in order to evaluate its footprints. In the new and old buildings, the
consumptions were monitored during the following periods:
New Building:
· Electricity consumption:  from 2/9/2005 to 31/3/2009,
· Gas consumption:  from 16/8/2005 to 26/3/2009,
· Water consumption:  from 2/9/2005 to 26/3/2009.
Old Building:
· Electricity consumption:  from 1/10/2000 to 4/4/2008,
· Gas consumption:  from 30/10/2000 to 31/3/2008,
· Water consumption:  from 24/1/2002 to 22/1/2003.
Average daily consumption values of the new building were compared with an
average daily water usage, gas and electricity consumption monitored in the old
building (see Table 2).
Table 2: Comparison of average daily water usage and gas and electricity
consumption in the new and old buildings
Daily average
consumption
New school building Old school building
Electricity
consumption
16.77 kWh/day
(day consumption)
37.94 kWh/day
(day consumption)
43.49 kWh/day
(day and night consumption)
Gas consumption 276.96 kWh/day 470.72 kWh/day
Water usage 1.61 m3/day 1.16 m3/day
The comparison of daily average usage of water and consumption of gas and
electricity have been determined from the long term monitoring data obtained and
also presented in the individual readings in Figures 1, 2 and 3 for the new school
building. In addition, an overview is also shown of the old school building of
average electricity consumption during a day and a night service in Figures 4 and
5, and the gas consumption in Figure 6.
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Figure 1: Average daily electricity consumptions per the monitoring
period in the new school building.
Figure 2: Average daily gas consumptions per the monitoring period in the
new school building.
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Figure 3: Average daily water consumptions per the monitoring period in the
new school building.
Figure 4: Average daily electricity consumptions per the monitoring period in
the old school building.
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Figure 5: Average day and night electricity consumption monitored in the old
school building.
Figure 6: Average daily gas consumptions per the monitoring period in the old
school building.
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Below is a summary of the findings obtained from the monitoring data
analyses where the new and old buildings’ energy consumption and water usage
are shown:
• The new school building is more energy efficient than the old building.
There is about 50% less gas and electricity consumption when compared
with the old building. Lower gas consumption for space heating in the new
building is due to better thermal insulation properties of the new building’s
roof, external cladding and windows. The old building, on the other hand,
required higher gas demand due to the fact that the transmission causes heat
losses through the building envelope in winter seasons and also because of
less efficient old heating system.
• The highest gas consumption in the new building has been recorded in
winter (heating) seasons between November and March/April periods. In
the old building, the most significant of gas consumption was only recorded
in March 2003.
• Higher daily electricity consumption has been recorded in both the new and
old buildings in the third quarter of a year, mainly between September and
November - the higher electricity consumption was recorded in the new
building in October 2008 and in the old building in October 2001. This
clearly states that base case average daily consumption of electricity in both
monitored buildings increased by the amount of electricity required for
artificial lighting in classrooms during autumn season. During winter
season, on the other hand, electricity consumption is not as high as it has
been in autumn period because of November and January school holidays.
• Water usage in the new building is slightly higher than the old building. The
old building water usage was recorded for only one year whereas the new
building water usage was recorded for four years. Therefore, in order to
establish a more detailed water usage analysis, we would require a longer
term data for both buildings, and again it would be better to extend the
water usage monitoring period and carry it out simultaneously in the new
and old buildings for a better comparative study.
• There was an excessive water usage period in February and March 2006.
This could be due to unexpected influences as for example water supply
system failure or general maintenance of building services. Generally, the
water usage was not higher than of 1.1 m3 in the rest of the monitoring
period (excluding the peak February/March periods) in the new school
building which is adequate to the average daily water usage of 1.01 m3.
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Conclusion:
Current paper has focused on how a customisable building system may be
speculated in the framework of sustainability when it comes to the decision
between refurbishment of an old building or demolishing and replacing it with a
new one. It was explained that such an action cannot be pursued merely based on
technical measures in general and sustainability measures in particular. Quite the
contrary, there are many different parameters involved in such a decision. With an
attempt to eliminate the non-technical factors, the current paper targeted part of
technical measures with reference to sustainability which can be counted for
when such a decision is to be made. From a broad range of environmental impact
measures, only those which were directly involved in post-occupancy operation
of a building were taken into account i.e. energy and water consumption. The
comparative study of water and energy usage of the two building showed that the
new building is behaving more environmental friendly, although water
consumption was slightly higher in the new building. This can be explained in
two different ways. First, it can be for the limited monitoring period of water
consumption which can distort the results. Secondly and more likely the reason
can be that the new building has a higher sanitation standards as well as higher
lab and experimental facilities. This makes it more convenient for the pupils to
use water both to achieve higher personal hygiene and better experimental
education qualities.
The study is still undergoing in quest of more detailed data so that a wider
monitoring on the buildings can be carried out to conclude with a more
comprehensive results to answer the main question of the current research.
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Mass customization for a practising
textile designer – empirical research
Sue Kirk
Manchester Metropolitan University
Suzanne.kirk@student.mmu.ac.uk
Method - I am a Masters of Arts Textiles student at Manchester Metropolitan University. I
have carried out the following primary research as I intend to set up bespoke textile
design business based on mass customisation on completion of my MA. Five interested
clients were given the opportunity to experience co-design. They each had a project that
needed a printed textile outcome. I took them through a customer-centric, collaborative
design experience, resulting in a co-designed, unique, personalised, high quality,
digitally printed textile. These products will then be further processed into items such as
cushions, dining chairs, bed covers to name a few.
Findings - All enjoyed this challenging, unique experience. I discovered the mechanics
of such a process i.e. the time it takes, the level of commitment required and if I enjoy
sharing my design experience with someone else. It was concluded that there is a
business to be developed, which embraces a direct client/designer interface, but that
also, this model can be developed that embraces e-commerce.
Value - This paper is about research that is empirical and primary. It is original and
based on real people and events and our shared experience. I have placed the work into
the context of mass customization, comparing it with other MC businesses such as Dell
and  nikeid.nike.com/nikeid/index.jsp.
.
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Final Paper
1. Introduction
 “Could I provide a bespoke/personalised printed textile design service based on
the business model of mass customisation?”
I am answering this question as part of my Masters of Arts programme at
Manchester Metropolitan University, UK. I am carrying out empirical research
using a number of volunteer clients who have a printed textile project need and
then offering them the experience of co-design. Then I am using the experience of
these collaborations to understand a number of areas around the question.  These
are
1. Could I enjoy the process of “sharing” my design experience with
another?
2. Is there a market for such a service/experience and how do I approach
it?
3. Does the digital print technology stand up to the pressures of ‘a market
of one’?
4. Is this business a ‘mass customisation’ one’?
This research is significant and important for me as a practising textile
designer, as this is how I wish to develop my career, creating and growing a MC
textile design business. It may be significant to others who wish to do something
similar in another area of design, or from an academic point of view, as the
research is empirical
The question evolved from my dissertation and graduation show project for
my Bachelor of Arts Honours degree in Textile Design 2005. The textile design
project for the graduation show experimented with the use of my own personal
references as sources of inspiration for the design process. At that time I also had a
practical need to find interior designs suitable for my junior aged children. So I
combined these issues and decided to design an interiors textile collection for my
children inspired by them. I used images of them taken at school and on holiday to
feed the designs. I developed the designs using Adobe Photoshop. This resulted in
totally unique and personalised printed textiles, which were then transformed into
products, such as cushions, wall art, upholstery and curtains. The printed textile
was digitally textile printed. In parallel to this I researched the business model
Mass Customisation for the International Business Environment Module of my BA
and wrote my dissertation about this subject.
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The result was a realisation that I could combine both of these projects, and
develop a business providing bespoke textile design. Since graduation I
endeavoured to make a business of this concept with little success, so thought I
needed to refine the idea further in the structure of an MA at MMU. I have carried
out the following primary research. In this paper I will describe the projects of
three interested clients/volunteers that were given the opportunity to experience
co-design. They each had a project that needed a printed textile outcome. I took
them through a customer-centric, collaborative design experience which resulted in
a co-designed, unique, personalised, high quality, digitally printed textile. These
products will then be further processed into items such as cushions, dining chairs,
bed covers to name a few.
2.  Contextualisation
What is mass customisation? The original authors of this concept of mass
customisation are Pine and Davies. Pine initially studied this idea in his masters at
MIT, USA (1991) and Davies wrote a book called ‘Future Perfect’ (1987). In it,
Davies coined the oxymoron ‘mass customization’ and proposed the following
definition.
‘Mass-customisation of markets means that the same large number of customers can be
reached as in the mass market of the industrial economy, and simultaneously they can be
treated individually as in the customised markets of pre-industrial economies… The ultimate
logic of ever-finer differentiation of the market is markets of one, that is, meeting the tailored
needs of individual customers and doing so on a mass basis.’
 At one end of the mass customisation/commissioning spectrum are Dell and
Nike. Both of these international companies provide the opportunity to customise
the product. Dell has historically always operated that way and their product could
only be purchased on-line. (Now off the shelf versions of Dell computers are
available.) In fact the Dell product could be described as assembling to order.
Nike has recently launched NikeID. This is an online facility to create a unique
trainer that is individual to the customer. The customer can chose from a range of
colours for each element of the shoe and finally have a unique name or phrase
embossed on the side of the heel. This final personalisation ensures the product is
unique to the client. See figure 1 for my personalised trainer.
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Figure 1. Personalised trainer (NikeID)
But the original definition of mass customisation suggested that there could be
a return to pre industrial treatment of clients as individuals. This aspect of this
paradigm is important and I feel is what some of the market will want. These two
examples of mass customisation give no opportunity for one to one contact during
the design/selection process. When I visited the NikeID website it felt impersonal
and slightly odd to select options for designing my own trainer. There is no
personal interaction. In other online service product areas like mortgage buying or
mobile phone tariffs, there is often an option to chat with an advisor in an MSN-
like fashion. Obviously this is not in a design related context, but maybe it could be
adopted.
I personally feel the one to one contact in my design experience is very
important. My client is getting a relationship with me/ the designer as well as an
experience and I am not sure this can be achieved if the service is only provided
online. Maybe it is a generation thing and the next generation which has grown up
with the Internet will not need face-to-face contact to building up their networks.
I have recently experienced linking up with my brother in Chicago using the
Skype software and web cam technology and being able to see him during our
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conversations has been amazing. In the past we have emailed but not as often as
I’d like, so to actually have a visual live conversation was a leap forward for me.
Maybe this will become part of the customising process in the future. Maybe a
remote sales assistant or designer will actually be able to help you through your
design selections of your Nike trainer.
Currently I offer a very direct experience with my clients, but maybe the Skype
/webcam technology could provide a ‘softening’ of a possible website/interface
experience. But currently I am concentrating on ‘meeting the tailored needs of the
individual customer’
At the other end of the spectrum is commissioning. I do have first hand
experience of being commissioned, as I am also an artist. I have been approached
for my style of painting and asked to paint many different images from
photographs old and new or to recreate another of my paintings on a different
scale. Some clients require a lot of discussion before the work commences and
others barely want to tell you the basics. I have to be flexible in the way I deal with
the client and am open to their suggestions and time scales. But it has always been
satisfying to deliver the completed work and see the client pleased with the
painting. Reactions have ranged from immediately wanting to pay the balance to
bursting into tears.
3. Methods and Issues from Design Experience
3.1  Client Collaborative Design/Getting Started
Before I started to meet my clients, I had a plan as to how I expected the meetings
and development of the designs to proceed. The research and working with the
volunteers was however designed to enable me to really understand how it worked
in practice and come up with a revised timeline for the process. So in my a priori
view of the interaction, my expectation of my client was that they would be
someone who:
1.Knew what the resulting printed textiles would be used for
2.Knew the signature of my design work
3.Already had some ideas for the colour palette and would be able to
communicate these ideas with samples
4.Was looking forward to the ‘experience’ to come
I then expected to meet initially to understand clearly their requirement, with a
second meeting to clarify colours and perhaps initial design ideas.  The third
meeting would then be for selection of preferred designs with a fourth session to
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agree final designs.  In my plans, the fifth and final meeting would be to sign off
the scale and the printed proofs on fabric, and confirm how much material to be
printed / delivered.  I expected this process to take place over 4-5 months
(allowing me to do the designing and work between the client meetings). I started
working with the volunteers in February 2008, and the following illustration figure
2 shows how the progression of meetings actually went for the three projects
compare to my plan.
Figure 2. Plan and actual design experience process
The starting point was different for each of my clients.  One wanted all the
design development based on one photograph (project Beach), a second had a
story about a loved teddy bear and a holiday cottage (project Nelson), and the
third client knew the products and colours she wanted, but did not have the initial
inspiration (project Garden Room).  Therefore at the start I needed to navigate
each client either towards his or her colour palette and/or towards his or her
inspiration. Ideally if the client does not have an idea about their colour palette
then I need to give them some information to start this process.  For example,
taking colours from their inspiration subject, finding images from other sources
that they like, maybe using existing colours and matching them in.
From this learning I have developed the idea of having a starter pack to help the
client kick-off the thought process. This pack would be very attractive and invite
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the client to engage in the design process.  It would have an element of fun and
excitement about it and really give the client a taste of the experience to come.
For one client I also had to explain and encourage ideas from her for the
inspiration.  This latter task took two or three meetings and I learnt from this that I
could save time by preparing the client better to begin with. Again the starter pack
could be used to help create the inspiration. Another problem that emerged from
the initial meetings was the process of actually choosing colours and seeing their
effects together.  Initially the client and I will have to develop the colours and print
to paper.
This is not very satisfactory as there are always variations between the colour
on a paper print and the colour printed on the fabric.  But at least it is a start. In
practice I expect to be doing textile print runs on a monthly basis and so I’ll be
able to add this colour palette sample onto a bigger run so getting a printed textile
colour sample rather than paper. To begin with, I have created a palette colour
sampling board, to aid this decision process. On this board I have a printed fabric
sample of a large range of colours. See figure 3. This board can then be used with
clients that need help in combination and composing colours together. It will be an
evolving tool and may in future be divided into categories or themes, for example
classics, modern, traditional, to help the client make a decision.
Figure 3. Fabric colour palette
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My experience so far is that my clients either want to match to something
existing in the home, have used their inspiration article to find their palette, or
thirdly have needed to see the palette being used at the initial design phase before
they could really settle on a palette.  So even with this first stage I have learnt that
no two clients do the same thing or think the same way, and therefore flexibility in
my response to their needs is key in this business.
The second phase of establishing the inspiration occurred alongside the colour
palette search.  As I have already mentioned, for one client the holiday photo of
the beach was the only piece of inspiration – I enquired about other holiday
souvenirs that may be incorporated, but the client only wanted this photo.  For the
Nelson project the teddy was key but also so was the cottage, and I needed to
encourage photography of the cottage to find other inspirations.  This took a
number of attempts before I had something I could work with. Perhaps as part of
the starter pack I could include a checklist and on this list I could ask for
photographs to be ready if needed for the inspiration. I realise that for all projects I
will need to have an initial face-to-face meeting to assist the clients to find or refine
the inspiration.
This was the case with client K on the Garden Room project.  K was very clear
about the products she wanted to use the textiles for, and initially she was also
clear about the colour palette, but she was quite general about the inspiration –
green foliage was an initial suggestion.  Our initial meeting consisted mainly of me
explaining where other people had found their inspirations, and from this K found
a holiday photograph that she liked and also recalled a particular passion for
hummingbirds. We also found inspiration in the room that was to be converted
into the garden room – the walls were very distressed and there was a fantastic
birdcage in the room.
So for two of my clients, finding the inspiration took time and this is a part of
another process that I would also like to speed up with the starter pack, which
would include examples of inspirations to date and match them with the final
designs and products.  This would give new potential clients the chance to reflect
before our first meeting. Figures 4 and 5 are initial examples of this visual aid
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Figure 4. The Nelson and Beach Project inspirations and final designs
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Figure 5. The Garden Room Project inspiration and final designs
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At this stage I had had between three and four meetings each with my three
clients as compared to two meetings in my plan. From this I have learnt
· To prepare the client before the first meeting with the starter pack. See
appendix 1 for the written part of the starter pack. This will include
examples of other projects to help discover client’s inspiration, examples of
ways to find a palette and examples of project and fabric samples
· To be prepared for the first meeting with a checklist of questions and
equipment.
Having established the colour palette and inspiration, I then found myself
exploring and expanding with visual research and design ideas. For this I applied
my own textile design skill and knowledge to work on a number of design
propositions for the project. I usually created 5/6 at this stage, drawing on the
client’s inspiration and colour palette and knowledge of the client.
3.2  Client Collaboration Design/Design Development Experience
Returning to clients with my initial ideas was quite nerve-racking at first, but
also exciting.  It felt similar to the times when I’ve exhibited my paintings.  People
see the most unusual things in my paintings and at first I used to explain what was
in them but then I realised that what they see is indeed ‘in the eye of the beholder’
and is their view. Generally people are positive in their remarks and / or keep their
negative thoughts to themselves. This experience was what I took with me when I
showed my designs to clients – on the whole they liked what I had done and saw
different things in them to what I had seen, and they preferred some designs to
others which I preferred.
 In one case client W did not want me to develop the initial photo and I found
this frustrating as a designer, as I was not adding anything to this image. She also
wanted to add an unrelated colour to the final design of the curtain fabric, which I
did, even though I felt it distracted from the design. This experience has shown me
again that I need to be flexible about the outcome and with more experience I’ll
learn to anticipate the expectation of different types of client.
 What I did find interesting about this iterative process is the unknown
outcome. I can present to my collaborators five or six design developments and
they usually have an immediate preference of two or three. Figure 6 illustrates all
of the developed designs I showed to client K. Out of the fourteen ideas presented
only the following three were preferred.
Birdcage Kbird3 Kbird8
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Figure 6. Design Developments for Garden Room Project
Again this can be quite surprising as I did not expect the monoprint of a
hummingbird to be chosen as I only did that as a bit of fun with another artist who
was showing me how to monoprint. It is always fun and challenging, because then
I have to respond to these preferences, which may not necessarily be my own.
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Does this make me lazy? Am I copping out as a designer by relying on the client to
make decisions? In the end I did not feel that this was the case because all the
clients always wanted me to make suggestions and proposed design solutions to
the new problems that arose along the journey. I really like to be able to respond
on the spot and to feel that my decisions were being listened to.
 To get from design ideas to final designs in my initial process plan was two
further meetings. On the whole, once a client had expressed their view or we had
decided together on the final design decision, this actually took two meetings. At
this stage the designs ideas had been digitally textile printed in the correct colour
palette. The exception for this was the garden room project. This was because five
designs were in the original project, the three upholstery designs, napkin design
(which was embroidered), and a table runner design. These were applied to seven
products, including a set of dining chairs, a room divide, two easy chairs and
cushions. This created a complexity to the project that required more meetings.
These were easily facilitated as my client was often at a loose end while a child
was at an out of school club. This may not always be the case. If I had to carry out
meetings over the phone, I would need to put in place a way of sending the
designs updates to my client and to ensure that the client and I were always
referring to the same, latest document. I hope to address this issue with using a
client from outside the area I live.
 The clients looked forward to our collaborative meetings and were delighted
and surprised by the design ideas presented to them. Sometimes it took them out
of their comfort zones and they found the meetings challenging, because I was
asking them questions and making them take decisions. This usually resulted in a
raised level of confidence in their own ability to visualise things. They thought the
experience was unique and different.
3.3 Client Collaborative Design/Finished Design/Delighted Client
All the designing has been finished for the three clients. I believe they are all
delighted with the final designs. I did find that there was a lot more engineering of
the final designs than I had planned. For example the window seat cushion that is
for the Nelson project required the design of the edge to be a specific width. This
width was directly related to a depth of upholstery foam that the client had
specified. Out of the eleven designs I have created for these three projects, eight
have been used as repeat units, but six have been engineered to fit specific
products and therefore needed a lot more time to finish the technical design. This
is another of the options available when using digital textile printing technology
and image manipulation software. All of the final designs are illustrated on figures
3 and 4.
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Unfortunately the digital textile printing I received from my supplier mid
November and beginning of Dec 2008 has been way below acceptable and I have
had to return the fabric. During Feb and March 2009 I approached another digital
textile printer and finally have had two of the three projects printed. I am having
problems getting the third project colour palette matched up so am unable to get
this project printed. Hopefully in the next few months (June or July) I will be able
to get this project completed. Until then there will be no photographs available of
the final products. Fortunately all my clients have not been in any rush for their
products.
4. Conclusions
This is my original research question
“Could I provide a bespoke/personalised printed textile design service based on
the business model of mass customisation?”
There were a further four questions posed in the introduction.
1. Could I enjoy the process of “sharing” my design experience with
another?
2. Is there a market for such a service/experience?
3. Does the digital print technology stand up to the pressures of ‘a market
of one’?
4. Is this business a ‘mass customisation one’?
I have enjoyed going through the design experience with the clients. I enjoy
sharing their ideas and helping them to see the project through to the end. I have
felt an enormous sense of satisfaction with delivering the final products and seeing
the delight on their faces. Therefore the answer to the main research question and
q1 is yes.
Question 2 has not been answered in any thorough market research way, but
the feedback I get whenever I explain this business to people is always positive. I
know this should not be the basis on which to proceed, because without a real
market I have no business, but in a small survey that I carried out during research
for the BA, I had positive evidence of  market interest. Also there is a general
growing interest in the mass customisation market. I believe for this business, I
need to find a way to market that is personal and gives the market a taste of the
experience to come. I have thought of doing this through presentations/workshops
to groups. This idea has yet to be developed.
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Question 3 maybe my stumbling block. Currently I subcontract the digital
textile printing and I am finding it difficult to establish a working relationship with
one. The first one I used has poor print quality and the second one has found the
colour matching a challenge. If I cannot solve these problems then I will not have a
business.
In terms of context and question 4, the idea of returning to pre industrial
revolution treatment of the client as an individual seems not to be part of the new
world of Mass customisation. This is probably because of the Internet world we
now live in, but I still believe that some of the market enjoys personal treatment
and will enjoy my design experience. My design experience is backed up by digital
technology and therefore is a Mass Customisation business.
 Early on in the MA I read ‘Art of Innovation’ and realised that my business is
an experience one. This made complete sense to me and changed the way I viewed
the business, because I have always felt uncomfortable about being a service
provider. My background is in manufacture and I like to deal with physical
products, either through my paintings or textile interior products. But I now
understand that my business is all about giving my clients a taste of designing and
then delivering a beautiful, bespoke, textile printed product. The research I have
completed with my three clients has confirmed to me that I do enjoy the
experience and would love to continue to work this way. Now I also have to finish
the research for refining the design experience, creating the business and finding
my market
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Appendix 1
Welcome to your Sue Kirk design experience starter pack
Thank you very much for wishing to be involved in this textile design experience.
Together we will design for you your own interior textile collection that you can
use for any textile product.
This pack will help you do three things
1. Find your colour palette
2. Find your inspiration (but not included in this appendix)
3. Clarify your project (not included)
Included in the pack (but not included in this appendix)
· Examples of other projects
· Fabric colour swatch/lots of colours to entice you.
· Different base fabric samples so you can feel the fabric weight.
· A palette idea from magazines
· A viewer to help zoom in on colours of your special image
So let’s get started and use the tools in this pack. If you want you could tackle
each section separately, maybe take 1/2 hour to an hour for each. They can also be
tackled in any order.
Finding your colours and palette
What we need to get started is between 6-12 colours. This is just a guideline and
can vary from 2 to many. The idea of these colours is to have a core choice of
colours and some matching or complementary colours. Together these will form
the colour palette for your textile design collection.
· If you have already have been hunting for a certain colour fabric to
coordinate with something in particular, I will be able to match to
almost any colour.
· If you know what your inspiration is then maybe this could be a source
of colours for the textile collection. For example if you refer to the
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beach project that is illustrated below, you’ll be able to see that the
colours in the curtain fabric relate directly with the original beach
photo.
· Or if you have a favourite picture then you could use the viewer to
look at parts of the image. This may help you find colours that you are
really attracted to.
· Often clients want to have a collection that coordinated with some
existing colours. For example I have used colours from a recently
decorated bedroom. Or if you look at the Nelson project the colours
for the collection came directly from some existing curtains that frame
the window where the cushions will go
· Also your colours can evolve. One client went through the following
four colour palettes until one was settled on.
· You can also use magazines for colour ideas. Elle Decoration has an
article to help to inspire a colour palette. They usually pick a collection
of loved items or a painting as the source of a colour palette. The
February Palette example from Elle Decoration is included in this pack.
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· Don’t worry if you are still stuck or not sure what colours you want,
then come along with any ideas that you do have to our first meeting
and we will discover your palette together.
· Another idea if you are finding the colour search difficult is to collect
colours you are absolutely sure you do NOT want.
· Try to gather together favourite images from the newspaper or
magazines, favourite pieces of china or anything that helps us find your
colour palette.
· Keep everything together in this pack.
· Play and have fun
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Implementation of i-Fashion
C. K. Park, 1Y. S. Park, 2H. J. Jeon, 3S. M. Kim and J. Koh
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Abstract. i-Fashion in Korea is aiming at ubiquitous and personal fashion world through
digital convergence in IT and Fashion industry. Vision of i-fashion is creation of i-
Fashion market and industry to provide more values with new digital services, seeking
what customers want. i-Fashion Technology Center has supported pilot projects of 16
fashion enterprises to deploy business intended by i-Fashion in cooperation with the
Korean government, the Seoul Metropolitan City, Konkuk University, the KITECH, the
KAIST and several other universities. The individual corporation is able to gain the
support of a professional technology IT system, production facilities, and specialists
within i-Fashion Technology Center. Therefore, corporations are able to operate their
business model within the center, and will support them if they regard their business
model as worthy. Several on-line shopping malls and digital shops have implemented i-
Fashion with digital shopping assistance services including 3D avatar, virtual try-on,
virtual fitting, etc. and custom-made apparel goods on demands including dress shirts,
T-shirts, men’s suit, ladies dress, uniforms, glove, bedding, etc.
Keywords. i-Fashion, 3D avatar, mass customization, virtual try-on, 3D scanner
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Introduction
Recently, the fashion industries have changed into knowledge-creation industries
of intensive high values through the upgrading and differentiation of designs, brand
marketing, utilization of hi-tech materials, the development of advanced functions,
and so on. Especially, 3D body scan service and size customization have increased
like Landsend (US), Levis (US), Brooks Brothers (US), Bodymetrics (UK),
Corpus (German), Samson (France), etc. In Korea, internet apparel market with
about 2.5 billion US$ is currently the largest one and still growing up.
'i-Fashion' is paying careful attention to the creation of new value added
processes; by linking some different IT approaches with existing development
methods. The letter 'i' from i-Fashion emphasizes the 'IT' component of the
company, and represents our commitment to 'customer-oriented fashion, utilizing
IT technologies'. i-Fashion is seeking to create a new knowledge-intensive value
added process not previously seen in fashion, and is doing so using IT-related
technologies, such as a 3D body scanner, 3D avatar (cyber digital body), virtual
try-on, virtual fitting, RFID (radio frequency identification) communication, DID
(digital information display), and DTP (digital textile printing), etc.
Firstly, the two keywords identified by i-Fashion are 'Ubiquitous' and
'Personalization' - both symbols of paradigm changes. They have both been
individually applied to the fashion industry to create added value in the provision
of such things as 'Digital Service' and 'Mass Customization'.
The Korean i-Fashion industry has world-class technology, with a globally
unique commercial model. We have now entered the commercialization stage, the
stage beyond technology development, and are implementing pilot projects for
commercialization in cooperation with a number of corporations.
Background – Fashion in future
3D Avatar
In the near future most people will have their own digital bodies which include the
size and body form information. Customer can easily reach the 3D human scan
center with 3D whole body, hand, foot and head scanners and measure his/her
sizes. Also, using the 3D avatar generated from the 3D modeling and visualization,
she can get the proper clothing size recommendation and analyze her body from
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cross sectional comparison between shapes before-and-after diet or me and a
standard model. We call this 3D avatar ‘Virtual Myself’ and ‘Virtual Me’
generated from 3D body scan with undressed and dressed, respectively.
A customer not to reach the human scan center can easily generate her 3D
avatar (‘Virtual Twin’) from her basic inputs with age, gender, height and weight.
Firstly, the i-Fashion system automatically recommends her basic 3D avatar and
she can modify its shape with maximum 10 size manual measurements including
girth of waist, girth of hip, girth of thigh, length of arms, length of legs, etc., using
the fine tuning tool provided by the i-Fashion system. Virtual Character’ is a 3D
avatar to be no skin off my body.
Once her avatar is stored into the i-Fashion server, she can load it at every
shopping spot including internet shopping malls, road shops, department stores,
etc. Finally, her 3D avatar becomes ubiquitous digital contents like money, voice,
music, movie, etc. Figure 1 shows various 3D scanners and avatars.
Figure 1. 3D human scanners and 3D avatars.
Future shopping
Digital shopping will be realized soon (Figure 2). Using a smart card or a RFID
chip or an USB memory stick, customer can load her 3D avatar. And using
electronic catalogue, she can select her favorite dress and order it using magic
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mirror (DID) with virtual try-on. If want, she can change its details like textiles,
sleeve, pocket and collar types, etc. as well as size fit.
Internet and mobile shopping is same as the above. Anyone is able to easily try
on and buy clothes using mobile phones and computers. Especially, a digital
camera of a mobile phone is used as a recognizer of 2D bar code for a suit of
clothes. Shopper can buy family’s clothes through virtual coordination and fitting
system without accompanying her kids and husband. All of tries are stored in the i-
Fashion server and used for customer relationship management (CRM).
Figure 2. Future ubiquitous shopping.
Digital fashion contents
A suit of clothes will generate a new value as digital fashion contents in 3D cyber
world including on-line game, social network service (SNS) and interactive
animation as well as an article of commercial product.
Especially, mobile, internet, and digital TV enable us to use the digital fashion
content to represent her and to prepare a present of a suit to someone. The
contents are also very useful for personal electronic catalogue.
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New values of i-Fashion
Existing clothing retailers worldwide are competing with brands, marketing, new
materials and design. But what i-Fashion has done is create two new values like
‘digital shopping assistance service’ and ‘mass customization’. Korea has been
aggressively supporting information technology development that would make
everyday life more efficient and convenient through the country’s so called
"ubiquitous" information technology infrastructure. Ideally, everyday activities
would be possible with the push of a button. The digital shopping assistance
service is expected to expand rapidly, while researchers will continue to advance
the system with strong support from the government.
i-Fashion’s differentiation and competitive edge in comparison to existing stores
and i-malls is its service in providing custom tailored clothes combined with special
value added service. Especially, Korea hopes to invigorate cyber shopping and
boost on-line sales.
Ubiquitous + Fashion = Digital Shopping Assistance Service
In ubiquitous shopping era, customer will buy clothes through various distribution
channels including internet (e-Commerce), mobile (t-Commerce), and D-TV (t-
Commerce) as well as digital stores. Especially, shoppers reluctant to buy clothes
on-line because of doubts over the fit, color, design and quality of the items may
soon change their minds. To purchase an item on i-Fashion, shoppers would create
a 3D avatar. The digital shopping assistance service enables a shopper to try on
any item in the virtual shop and get it custom-fit (Figure 3).
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Figure 3. Digital shopping assistance service through 3D virtual try-on with 3D avatars and 3D
digital garments.
Virtual i-Fashion shops could help clothing makers move into value added,
custom clothes more effectively by receiving on-line orders, improving the
competitiveness of clothing manufacturers. People with access to the body
measurements of their friends or relatives could conveniently buy clothes as gifts
without worrying about how well they would fit. The virtual shop can also be
accessed through mobile phones.
Such innovative sales systems could be created since Korea has one of the most
advanced and extensive IT networks in the world. Clothing companies can also
create digital catalogues, virtual mirrors, mannequins and advanced RFID systems.
It is expected i-Fashion could create a lot of new consumer-oriented businesses.
Personalization + Fashion = Mass Customization
When ‘personalization’ meets ‘fashion’, it creates a new value ‘mass
customization’. Many industries have moved into multi-kind small production
including SPA (specialty retailer of private label apparel) and fast fashion brands
from mass production, and will be changed to mass customization soon. Mass
customization in fashion is truly consumer-oriented and customized on-demand
mass production as shown in Figure 4.
C. K. Park, Y. S. Park, H. J. Jeon, S. M. Kim, J. Koh
Submitted to 5th World Conference on Mass Customization & Personalization MCPC2009 7
Figure 4. Mass customization system
To purchase mass customized garments, a customer can select what she wants
among many options like textiles, details, color, length, etc. as far as mass
production can be possible. Options are provided by fashion experts following the
trend. A customer can design his or her own styles through numerous
combinations of optional preferences. Also, through the use of precise body
measurements and personalized avatars, a shopper can select fit clothes that she
can put on in a virtual environment. Figure 4 shows an electronic catalogue and
various clothes with different textiles and types of sleeve and neckline at an actual
store. Using 3D modeling, virtual reality, and display technologies, a shopper can
get visual confirmation of what she wants using an electronic catalogue to select
her preferences and virtual try-on with virtual coordination and fitting system.
The most important thing for mass customization is how to set up the economic
and efficient manufacturing process. Korean special manufacturing infra structure
that two or four workers produce a piece of garment enables i-Fashion to lead
mass customization in fashion industry and will be one of successful model. Also,
MTM (made-to-measure) systems developed by several research institutes with
apparel companies are very useful for customized on-demand mass production.
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Pilot tests and commercial applications of i-Fashion
i-Fashion Technology Center has constructed the test beds and supported pilot
tests to deploy new fashion business model intended by i-Fashion in cooperation
with IT companies as well as government associations, international collaboration
partners and institutes as follows;
• 14 apparel companies: Kolon (No.2), Samsung Fashion (No.1), etc.
• 2 Distribution companies: Shinsege (No.1)and CJ(No.5)
• 9 IT companies: i-Omni, D&M FT, SK (No.1), Samsung (No.1), etc.
• 7 International bodies: [TC]2, TNO, MVM, Intellifit, Animetrics, etc.
? ( ) refers Korean company ranking from market share.
The individual corporation is able to gain the support of a professional
technology IT system, production facilities, and specialists within i-Fashion
Technology Center. Therefore, corporations are able to operate their business
model within the center, and will support them if they regard their business model
as worthy.
i-Fashion systems have been successfully showed at several exhibitions
including SPESA Expo 2007 in Miami, US since first demonstration of i-Fashion’s
concept at the department store in Korea in 2005. i-Fashion Technology Center
has tried to commercialize the systems for ‘digital shopping assistance service’
with several leading Korean fashion and distribution companies firstly in the world.
Now, it is just an early stage. It has been continuously applied to actual stores
(Figure 5) as well as an on-line shopping mall as shown in Figure 6.
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Figure 5. Actual i-Fashion store.
 Figure 6: Actual i-Fashion internet shopping malls.
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i-Fashion has applied mass customization system to several items like dress
shirts, T-shirts using digital textile printing (DTP), men’s suit, lady’s dress, golf
wear, golf glove, shoes, and beddings in Korea and will expand the business items.
The appropriate price of customized garments on-demand shall be determined at
the market. i-Fashion expects the increase in price is 20-40% of the ready-made
garments considering the rapid decrease of inventory drop and customers’ need for
representing their personality. Figure 7 shows mass customization on-line and off-
line stores.
Figure 7: An actual i-Fashion store and an internet shopping mall.
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Summary
i-Fashion’s goal is to create the new values of clothes ‘Digital Shopping Assistance
Service’ and ‘Mass Customization’ into existing values like brand, design,
material, etc. Digital convergence with IT and fashion enables us to create a new
blue ocean market. Clothes might be differentiated with two new values in the near
future.
Through the efficient collaboration with government associations, IT and
apparel/distributing companies, institutes, and universities, i-Fashion Technology
Center has supported the successful pilot tests and implemented several
commercial systems. Enterprises reduce the risk for new business models and the
costs for construction of a test bed. i-Fashion hope that this new concept be
expanded world widely. And we helps apparel and fashion industries be moved
into actually customer oriented and new value added.
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Abstract. Data mining tools can be used effectively for determining customer buying 
patterns and finding correlations between seemly unrelated variables. By using image 
segmentation techniques on the thermal profiles of human subjects combined with a 
database of subject demographics and anthropometric data, companies are now 
technologically able to mass match apparel with heterogeneous thermal and moisture 
wicking properties to provide extra value for the consumer interested in both functional 
performance of their garment and on fit. This paper discusses the role of data mining to 
correlate thermal profiles of the human torso with demographic and anthropometric 
information, enabling categorization of consumers into a “thermal family” or community. 
By enabling consumers to provide feedback in the fit and functional performance of their 
garment (or garment system), this information can be added to the database and used in 
garment redesign. 
  
Keywords. Data Mining, Functional Apparel Design, Mass Matching. 
Introduction 
Traditionally, clothing has been sold in predetermined colors, styles, fabrics and 
sizes with garments designed as if all customers exhibit the same heat and 
moisture patterns.  Today, apparel firms have begun to embrace a new business 
model whereby the consumer collaborates with a company to co-design products 
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resulting in an individualized, consumer-made product.  In order to facilitate 
consumer-business design partnerships, apparel companies are providing easy to 
use design configurators. 
Thermal Classification of the Human Torso 
Thermal regulation is a vital component supporting human life; the normal range 
of core body temperature typically ranges from 36.1 to 37.8° C, as described by 
Simmers (1988). Thermal flux through the skin and apparel play a large role in 
regulating the core body temperature; however, this thermal flux is heterogeneous 
and is dependent on a number of factors such as the surrounding ambient 
temperature, activity level of the individual and body composition. Using data 
mining techniques exploring multivariate correlations between the thermal images 
of the human torso, demographic and anthropometric information, individuals can 
be categorized based on a thermal similarity index.  
Data was drawn from a database containing the thermal profiles of over 
760 male and female subjects, aged from 16 to 92 years. The subject population 
consists of persons with sedentary to active lifestyles, diverse heights, weights, 
body mass index (BMI) ratios and somatotypes.  In this particular study, 162 
males aged between 15 and 24 were examined and their thermal profiles 
classified. 
As presented in Figure 1, patterns can be seen in the thermal profiles; these 
four subjects aged 15 to 24 represent typical profiles for normal and obese 
individuals. By categorizing the thermal images using unsupervised classification 
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techniques (Lee and Lewicki, 2002), data mining can then be performed resulting 
in the categorization of consumers into a “thermal family” or community. 
 
Figure 1. Thermal profiles for four male subjects, measured in Celsius. The left two subjects are 
considered “normal” and the right two subjects “obese”.    
Data Mining 
Data mining has emerged as a growing field of multidisciplinary research.  It 
combines disciplines such as databases, statistics, data visualization, and high 
performance computing (Berkhin, 2002).  Data mining is often defined as the 
analysis of large amounts of data in order to identify significant patterns.  One 
data mining method is cluster analysis, a data reduction technique which attempts 
to minimize within-group variances and maximize between group variances (Hsu, 
2007).  The purpose of this project is to employ data mining techniques to classify 
and then correlate thermal profiles of the human torso with demographic and 
anthropometric information, enabling categorization of consumers into a “thermal 
family” or community.  
 Once the thermal profiles have been classified, data mining techniques are 
used to perform hierarchical clustering analysis and principal component analysis 
as well as other clustering techniques on the data in the database (Berkin, 2002). 
Figure 2 displays a set of cross plots as an example showing the clusters that can 
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be seen when correlating the thermal category of each subject with their BMI and 
weight. As demonstrated by this figure the categories are fairly well clustered by 
BMI category (normal, overweight and obese); since there was only one 
underweight subject, no correlations could be determined for that category.  
 
Figure 2. Comparison of weight in pounds versus thermal rating, clustered by BMI category  
Figure 3 displays an ANOVA analysis of the thermal fluxes, grouped by BMI 
category. As shown in Figures 2 and 3, there exists a strong grouping between the 
two attributes, BMI and thermal flux.  
This lends itself well to a configurator where the customer can enter a self-
reported BMI, codesigning a garment which optimizes thermal comfort. In this 
example, three different BMI categories were chosen resulting in families of 
thermal profiles, but through data minining and the modification of other 
parameters such as circumference measurements, level of physical exertion or 
exercise frequency, garments with different finishes, thicknesses or knit-in 
patterns can be manufactured. 
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Figure 3. ANOVA Analysis of Temperature Means with 95% Confidence Intervals for each BMI 
Category 
Mass Customization  
Mass customization was first identified by Davis (1987) as an oxymoron where a 
large number of products were produced and at the same time customized to meet 
the needs of individual customers.  Six years later, the concept was refined by 
Pine (1993) who described mass customization as “a new business strategy where 
goods and services are customized within the context of a given product line to 
fulfill an individual’s demands in a cost-effective way”.  Over twenty years later, 
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mass customization has emerged as a household term and an accepted way of 
doing business (Fralix, 2001). 
Gilmore and Pine (1997) described four approaches to customization from the 
customers’ perspective:  cosmetic, transparent, adaptive, and collaborative. It is 
the last approach, collaborative, that is the most consumer-centric and is defined 
by the active engagement of customers in the design and representation of the 
product.  One variation of mass customization involves co-design, in which a 
customer, generally with the aid of CAD technology, creates an individualized 
product designed from a company’s library of components, colors, size 
alternatives, etc. However, for this type of interaction to be successful, the 
consumer must be comfortable with using digital technology. Fiore (2008) 
identifies this individual as the “digital consumer”. Richard Florida (2002) 
defined this group as suppliers of creativity, for whom creativity is a main factor 
in their professional role.  Either way, both concepts suggest a new paradigm that 
will have a strong impact on businesses and the product design and development 
cycle. 
 Mass customization of apparel is particularly suited for the collaborative and 
co-designer consumer (Gilmore & Pine, 1997; Duray et al., 2000; Fiore, 2008).  
Strong interest by these consumers to resolve fit issues and the value placed on 
self-expression and individuality resulted in many apparel companies being early 
entrants in providing a customized design experience.  These early entrants 
typically have flexible manufacturing, and combined with supporting apparel 
technologies such as body scanning, computer-aided-design, and digital printing 
co-design opportunities become increasingly viable.   
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Progressing Towards Mass Matching 
Previous research supports the willingness of digital consumers to use 
configurators and other co-designing tools that enhance the web purchasing 
experience (Fiore, Lee, Kunz, & Campbell, 2001; Kamali & Loker, 2002; Lee, 
Kunz, Fiore, & Campbell, 2002).  It is envisioned that when a consumer desires to 
purchase a functional garment, they will be able use a web configurator to enter 
information including their age, height, weight and activity level. The configurator 
would then place the consumer in a “thermal family” of consumers with similar 
thermal profiles as well as 3D images and descriptions of potential garments and 
how they aid in thermal comfort. This information can be captured persistently in 
the consumer’s profile, for future use.   
Combining a database of thermal profiles, with user friendly data mining tools 
and a web configurator, would allow the consumer to not only participate in co-
design but to provide feedback on garment design and functionality.  The 
feedback from digital consumers on the fit and functional performance of co-
designed garments, can be added to the database and used in garment redesign 
thereby closing the mass customization loop.  
Conclusions and Future Directions 
Utilization of data mining techniques resulting in “thermal families” of consumers 
will enable an apparel manufacturer to mass-match clothing that accommodates a 
consumer group's thermal patterns. If users are empowered to create their own 
products using tools fashioned by the manufacturer and provided to the consumer 
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in a web based platform, apparel companies may realize significant design and re-
design inspiration.  Furthermore, the two-way communication between the firm 
and the consumer may strengthen the relationship and contribute to customer 
loyalty. 
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Abstract. Integrated product deliveries as known from the product industry are
beginning to emerge in construction. These are normally considered as physical systems
that can be configured and customised for a specific delivery to form part of a unique
construction project and help to reduce the complexity of the total construction project.
However tools for handling the equally complex processes that leads to the final result
are also required. This paper uses a specific software tool recently developed for user
involvement in construction processes as a setoff for discussing the process focus as an
equally relevant field for development of customisable integrated product deliveries in
construction. This development and its causes challenge the traditional role of the
architect as the centre point in the creation of physical wholes or entireties. If user
involvement, as argued, can be considered as a configurable integrated product delivery
then the architect can – using slightly provocatively a term from the production industry
– be seen a configuration manager of processes shaping our physical surroundings.
Products focusing on standardisation and mass customisation of the building process
rather than physical systems could however become architecturally intriguing by leaving
more open the solution space of the final result.
Keywords. Architecture & construction, integrated product delivery, user involvement,
systems, solution space
Background
Current paper is based on ongoing research on architectural systems and the
potential of using more systematic approaches concerning both processes and
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products within the conception and creation of architecture and construction.
Drawing considerably on a completed project concerning different industrialised
strategies for assembling ‘a house’, the current underlying research project
elaborates further on the combination of different system levels in architecture as a
means of combining individuality and unique solutions with industrialised
production techniques thus pointing towards an architecturally viable mass
customisation of construction.
Industrialisation and Division of Labour
Although in some primitive form it has always existed in human community, the
division of labour is one of the most significant characteristics of modern society.
In 1776 the British economist Adam Smith describes the division of labour as one
of the most efficient ways to improve the productivity performance of companies
hence increasing the wealth of nations.1 His best known example is a pin
manufacturing company. After splitting up the process of making pins in different
subtasks – thus specialising the workers – productivity raised by factor 240
(Smith, 1776). Since then the division of labour has spread to all areas of society
that partly due to this fact have become increasingly complex. Construction and
architecture is not an exception.
Etymologically speaking architect means master builder or supreme carpenter
(Becker-Christensen ed., 2001) and the architectural profession deals to a great
extent with the conception and the creation of physical wholes or entireties.
Tectonics – an important term in the process of architectural design – is, inter alia,
about moving from idea to specific physical shape (Beim, 2004:16). However,
increased demands in construction both technically and concerning economy have
challenged this traditional role of the architect as the all-embracing ‘tectonician’.
Technical specifications and legal requirements concerning specific performance
on the technical side, a demand for increased productivity based on less use of
man-hours on the economical side combined with an explosion in the number of
available building materials and components has made it impossible to cope with
and navigate within all possible combinations in a traditional and widely intuitive
way.
Simultaneously we are facing a consumer culture which continuously demands
for new products that in a still more pronounced way can be customised to fit
personal needs or preferences. Within construction and architecture standardised
solutions and monotonous mass production of e.g dwellings and urban
environments has only had a short period of glory found in the multi-storey
dwelling complexes and the endless districts of standard houses from the 1960’ies
1  Wealth of nations is not necessarily coincident with general wealth of the individual citizens
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and 1970’ies. Architecture has, opposed to the product industry and except from
this relatively short although fairly visible (!) intermezzo, always been concerned
with the unique. Seen in the light of the above mentioned industrialisation the
coherence or whole/entirety of this production of unique solutions is put under
pressure.2 Whilst the organisation of the construction sector still mainly follows
the divisions of the old crafts rooted in traditional building techniques the
complexity in modern construction and planning creates the need for new and
different divisions as well as the involvement of completely new stakeholders in
decision-making processes.
Need for New Tools
These circumstances contribute to increased distance between on the one hand the
architectural conception and on the other hand the end-user that are supposed to
live with the result of the architect’s endeavours. Industrialisation understood as
this division of labour in subtasks has become a condition – not merely an option.
The architect must increasingly rely on special knowledge from other professions
as well as make use of what the sociologist Anthony Giddens terms expert systems
without necessarily possessing knowledge about their foundation or specific mode
of operation (Kaspersen, 2005:439) (Giddens, 1990).
U_build is an attempt to make a tool covering parts of this new need for
knowledge sharing between more and new players in the process of construction.
This digital tool has been developed from an idea initially conceived by the young
Danish architectural office Mutopia. Through economical support and process
facilitation provided by the former Building Lab DK (Byggeriets Innovation)3 a
consortium of stakeholders representing different parts of the value chain in
construction has created a digital solution enabling a controlled user involvement
and dialogue applicable for the development of building projects and urban
planning. Lead by Mutopia, the different stakeholders of the consortium have
changed slightly throughout the process. Preliminarily a primary player was a
computer game developer. However as focus changed a software developer and a
contractor/consultant took over. The present group comprises furthermore a
consultancy and analysis firm, a holiday resort company, a developer and an
academic institution.4
The development of U_build starts from the idea of creating ‘[… ] an
interactive software/tool that systemises dialogue and knowledge sharing
2 Coherence in architecture is related to the concept of architectural quality. For a clarification see:
Beim, Vibæk & Jørgensen (2007)
3  Building Lab DK, initiated by the Foundation Realdania, worked from 2006-2008 as a secretariat and
facilitator for innovation projects in the building sector thus providing considerable funding in a
50/50 financial solution with the engaged companies or consortiums.
4  Stakeholders of the present version are: Grontmij Carl Bro, Hausenberg, Aspelin Ramm Gruppen,
Folkeferie.dk and CINARK
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throughout a building process’ (Mutopia, 2008:6). Through an introductory
‘preject’ (a process of clarification) and a following project (development process)
a first version of U_build has now been launched as a product for use within the
consortium and for sale.5 Whereas the ‘preject’-phase aimed at developing an
actual computer game based on ‘an interactive multiplayer world’ (Mutopia,
2008:39) the focus (and stakeholders) changed in the project phase rather to strive
for the development of a configurable web portal and a forum for dialogue based
on a more diagrammatic representation of 3D-enviroments.6 On the other hand
this first finished version has a much more specific focus on the gathering and
ordering of user data. Likewise the actual use of the tool is more specifically
determined as it facilitates a dialogue between owner/developer and end users
(defined broadly) in order to clarify ideas, aspirations and desires concerning a
specific construction or planning project. The data achieved through the use of
U_build can thus be applied for qualification of the basis for decision making by
owner/developer or consultants through the programming and early design phases.
In the status report elaborated after the first (‘preject’)-phase U_build is called
an ‘integrated product delivery spanning across the [traditional] value chain in
construction’ (Mutopia, 2008:7). The following sections look further into what is
meant by the general concept of integrated product delivery and to what extend it
makes sense to consider U-build as such a thing. Finally some aspects of U_build
are pointed out in a critical discussion of the present version and of future
perspectives.
Integrated Products and Integrated Product Delivery
In the Danish publication Integrated Product Deliveries in Construction an
integrated product and an integrated product delivery are sought defined:7 The
integrated product is ‘a multi-technological complex part of a building’ that can
‘be configured and customised’ to a specific construction project. It is furthermore
‘developed in a separate product development process based on the principles in
integrated product development’. In its actually produced and specifically
customised state and when delivered to a customer this building assembly becomes
an integrated product delivery that – as a kind of super level – also can includes
‘marketing, shipment and servicing’ (Beim, Mikkelsen, Hvam & Tølle, 2005:3).
More than just Prefabrication
5 The first offcial version of U_build was launched on June 3rd 2009 at DAC (Danish Architectural Centre)
6 Configuration and configurable refers within production terminology to the possibility of ’creating an
individually customised variant within the solution space of a given production system’ (Jørgensen,
2007:44)
7 Original Danish title: Systemleverancer i Byggeriet. (Beim, Mikkelsen, Hvam & Tølle, 2005)
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Integrated products and integrated product deliveries are not just a matter of
prefabrication where basically identical physical solutions and processes are
removed from the building site into a factory and then subsequently transported as
bigger blocks or assemblies and mounted together on the site. The Danish version
of both concepts (systemprodukt and systemleverance) contain the prefix system
which points towards an underlying and carefully thought out system level that is
concerned with the product or the delivery both as segregated from the rest of the
building and with how this segregated part or system can be connected to the
whole. The system level gathers and systemises general knowledge about and
properties of the product that can be used for the specific customised deliveries of
this product. ‘The idea of integrated products holds potential in the form of new
multi-technological knowledge intensive building components’ (Ibid). The
relatively high complexity of integrated products and integrated product deliveries
implies by definition an IT-integration of the production processes in order to
handle the considerable amount of information.
All-encompassing Systems
An integrated product delivery could easily include the delivery of a complete
turnkey building solution. Turnkey solutions are particularly found on the single
family housing market but also within other areas such as hotel, office, hospital or
pharmaceutical buildings it is possible to find various business concepts based
more or less on prefabricated and partly standardised overall solutions. Moreover
architectural history shows – especially within housing – a myriad of (mainly
failed) attempts to create a durable business concept within industrialised housing.8
Part of the explanation of the lack of success of all-encompassing systems could,
cf. the consumer culture’s demand for customised products, be the inability of
these systems actually to offer what within modern production terminology is
termed mass customisation. The concept that initially sought to grasp features of
modern production industry was originally conceived by the North American Stan
Davis in 1987 and subsequently elaborated by the other North American business
theorist Joseph Pine II (Davis, 1987) (Pine, 1993). Mass customisation
encompasses the combination of the advantages in mass production on the one
hand and the ‘tailor made’ unique solutions on the other hand. This combination
has primarily been made possible through the application of modern IT-
technology.9 Crucial for a successful mass customisation is the determination of an
appropriate solution space.
8 For a historical presentation of prefabricated housing see e.g. (Bergdoll & Christensen, 2008)
9 The IT-revolution has from the invention of the integrated circuit provided increasingly better
possibilities for handling information but has also resultet in an explosion in the amount of available
information through new (digital) distribution channels (internet pages, e-mail, e-communities etc). A
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‘The solution space can be very narrow thus not enabling variation that can satisfy a broad
range of customers – hence Mass Customization is not achieved. Or the solution space can
be very broad thus making possible great variation that gives the individual customer a
better possibility of getting a personally suitable product – hence Mass Customization is
achieved.’ (Jørgensen, 2007:43)
The Solution Space of Construction
Within construction today it quickly becomes difficult to maintain a thoroughly
planned industrial process that simultaneously integrates a sufficiently open
solution space (meant as the possibility of configuration or adaptation) and a
rational and cost-effective production and construction. In ‘traditional’ product
development – as known from the product industry – the solution space of a
product (if there is a such and not just standard) is fixed before configuration and
production. This is seldom – if ever – the case within construction where architects
and engineers always influence and modify the product (= the building project)
throughout the entire construction process (= the production).10 All-encompassing
systems delivered as turnkey solutions are still – just like more traditional
construction – rather construction than production. This makes it hard to consider
these systems as actual integrated products and product deliveries ‘based on the
principles in integrated product development’ (Beim, Mikkelsen, Hvam & Tølle,
2005:3). Construction never gets beyond the ‘prototype’. Unless speaking about
totally standardised solutions then buildings are still hard to find as true
industrialised deliveries. This means that mass customisation is replaced by either
mass production or customisation – standard or unique solutions. Construction
simply is to complex with too many unresolved details that have to be worked out
on the way. If we are to speak about integrated products and integrated product
deliveries within construction it will then rather be found as building assemblies –
or in an alternative wording perhaps as parts of construction. When focussing on
the building assembly (Beim, Nielsen & Vibæk, 2009:83) as an integrated product
and product delivery the problem of the solution space becomes less predominant
since the level of complexity – due to size and number of elements – is
considerably reduced and hence easier to control in a systematic way. On the other
hand the final physical whole will in each specific building project normally appear
as a unique combination or configuration of different elements and subsystems.
This will prevent that the whole appears as standardised or inflexible. Whether the
market itself will be able to provide for an appropriate range of sufficiently flexible
precise meassurement of available knowledge and information in the world is hard to define but some
sources estimates that knowledge is doubled in 6-7 years. See e.g.
http://www.ebst.dk/publikationer/rapporter/ eksport_kontrol_system/kap04001.html10 ‘[…] Engineering in a fully industrialized line of thinking should be called product development and
placed prior to configuration’ (Beim, Nielsen & Vibæk, 2009:55)
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integrated products and product deliveries is so far difficult to say. There is
however a risk that building assemblies, likewise the all encompassing systems, will
have too fixed a solution space if the product range is too limited.11
If alternatively we use the wording parts of construction rather than building
assemblies or components it leads to a slightly broader definition of integrated
products and integrated product deliveries which again points towards different
perspectives. Another strategy in order to develop an industrialised architecture
based on integrated product deliveries could hence be to go up a level with regard
to what is being systemised. By focusing on standardisation and mass
customisation of the building process rather than on specific physical building
components or assemblies the actually applied production techniques can be left
more open thus creating what elsewhere has been termed flexible solution space.12
U_build as an Integrated Product Delivery
As mentioned earlier, U_build has by the developers themselves been characterised
as an ‘integrated product delivery spanning across the [traditional] value chain
in construction’(Mutopia, 2008:7). However in the physical sense it is not a
building assembly or component and hence does not fit the conventional definition
of such integrated product delivery. Although also addressing process, other
development and innovation projects equally initiated and supported by Building
Lab DK all deal with such a physical assembly as the core (a balcony, a façade
solution, an installation shaft etc.). U_build has the process as the core whereas
the physical outcome itself is not predefined in any way. However, if we simply
call it a part of construction U_build does match quite well the definition and the
characteristics of an integrated product delivery: A system supplier (the U_build
consortium) delivers a product that is ‘configured and customised’ for user
involvement in a specific construction or planning project. Equally the business
model fits the definition that ‘the product supplier is responsible for all activities
during delivery process and later servicing’ (Beim, Mikkelsen, Hvam & Tølle,
2005:3). The present more focused version of U_build can tentatively be called
‘The programming phase as an integrated product delivery’. Seen in the
perspective of the full scope identified during the project process the developed
tool could more generally be termed as ‘User involvement as a configurable
integrated product delivery’.
11  ’[…] a healthy market structure […] will only exist, of there is an array of suppliers covering a very
varied range of qualities and designs’ (Beim, Nielsen & Vibæk, 2009:154)
12 ’In order to develop an industrialised architecture providing a Flexible Solution Space perhaps it is
necessary to move up a level and focus more on standardising the processes while the specific
techniques applied are kept more open’ (Vibæk, 2007:7)
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Structure
The U_build application can be seen as a kind of configurator based on a
combination of a mass customised integrated product delivery (a U_build solution
adapted for use in a specific project) and the systematically ordered input from a
group of users that are given access to this solution. Apart from the construction
project material that are loaded into the application as a 3D-model, news and other
information material the customisation also involves the setting or definition of
particular viewpoints in the 3D-model, a definition of a number of appropriate
categories for discussion in the forum for dialogue (‘post-it’ strings as chains of
comments) as well as various types of systemised statistical output (as e.g. surveys
or opinion polls concerning relevant subjects)13 In the present version U_build is
primarily a web-based solution where the user interface is accessed via a web-
portal placed on a central server. To get access to the portal locally you need to
download a small access program. The application draws on several known IT-
solutions as websites, blogs, 3D models and others, but combines them in a new
way. The output is (end)user generated, but structured both through the
predefined possibilities of user interaction with the application14, the defined
categories for dialogue and the subsequent processing of the collected data – with
e.g. the possibility of using different statistical tools. In this way U_build can be
characterised as a web 2.0 service. Web 2.0 designates the second generation of
internet services that ‘let users collaborate about and share information online’15
and are characterised by high degree of content generated directly by the users
themselves. The first generation of websites was primarily based on one-way
communication from an owner or administrator directed towards a more or less
defined user.
Segregated vs. Integrated Systems
The building assemblies that exist today and which are delivered as integrated
product deliveries can mostly be classified as segregated systems in the way that
they are spatially well defined in relation to the context - e.g. the building – they
are inserted into. Examples could be a balcony clearly distinguishable from the
facade, a bathroom pod as a separate room (a space) in the dwelling, a closed
installation shaft separated from the open space of the plan and a facade as
detached from and mounted on a structural load bearing system (Beim, Nielsen &
13  U_build presentation (short pdf presentation made by Mutopia)
14  The possibilities for interaction are defined partly by the U_build-system itself (the integrated
product) partly by the specific solution (the customised product delivery) where the latter is defined
in cooperation with the customer (the owner(developer)
15  http://da.wikipedia.org/wiki/Web_2.0 - Wikipedia is in itself an example of a web 2.0 service. Other
examples are spreadshirt.com eller ponoko.where the user becomes a co-designer of her own product
that as an ekstra feature can be marketed within the same system.
Kasper Sánchez Vibæk, CINARK - Center of Industrialised Architecture, Royal Dansih Academy
of Fine Arts, School of Architecture. Email: kasper.vibaek@karch.dk
User Involvement as a Configurable Integrated Product Delivery
Submitted to 5th World Conference on Mass Customization & Personalization MCPC2009 9
Vibæk, 2009:150).16 On the other hand, a heating system considered as a complete
solution is rather to be seen as spatially integrated in a building. The heating
system is functionally delimited from its surroundings. Other building assemblies –
as e.g. the bathroom pod again – combines spatial and functional delimitation.
Seen in a production and in a business perspective it seems more plausible to
develop integrated product deliveries based on segregated systems. One of the
explanations is the question of the interface; Integrated systems – as e.g. a heating
system or a flooring system – make it almost impossible to provide for all possible
(and unexpected) situations and encounters. Buildings are never defined 100% in
detail before production (construction) as opposed to other related industries like
the car, shipping or aeroplane industry. Unforeseen joints and overlaps between an
integrated product delivery and its immediate surroundings require time consuming
adaptation and the need for skilled labour on the building site. A philosophy behind
the integrated product delivery is exactly to eliminate this need by integrating the
knowledge intensive parts and procedures into the products and ideally reducing
the onsite construction (vs. off-site production) to simple assembly (Ibid:156). It
becomes what the architects Stephen Kieran and James Timberlake call ‘the
architecture of the joint’ (Kieran & Timberlake, 2004:93). U_build seen as an
integrated product delivery with its focus on user involvement potentially in all
phases of the building process can in this view be characterised as an integrated
system although there is no physical integration or manifest presence of it in the
final building project. In this context, and as an analogy to web 2.0, one could
tentatively speak of a kind of integrated product delivery 2.0, where the delivery,
cf. the above mentioned flexible solution space, is ordering a process that leads to
a final construction project rather than being this physical object itself and thus
keeping the solution space more open (flexible). The system level and the interface
in U_build are dematerialised but this does not make it irrelevant with respect to
the final materialised physical result.
Knowledge Transfer and Business Model
When architects work with the development of physical systems in projects they
often tend towards forgetting or giving low priority to the simultaneous need for
the development of an integrated and economically sustainable business model that
can bring the system ‘beyond the prototype’. Even though thinking in systems by
nature does seem related to architectural thought and conception the architect still
works distinctively project oriented. This means that the system level or the
systematic potential in a specific architectural project only seldom is transferred to
subsequent projects. One explanation among other possible could be that the
16  This clear distinction only refers to building assemblies when these are delivered separately as
systems. A load-bearing façade of e.g. brick or concrete hence constitutes a part of the structural
system.
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architect has no particular training – at least traditionally – in seeing the general in
the specific. Rather perhaps she seeks the specific in the general. The knowledge
transfer between projects is in general low and non explicit (e.g. in the form of
tacit knowledge). As a condition for the economical support by Building Lab DK
the U_build consortium has from the start been forced to develop a business
model as an integrated part of the integrated product delivery. It is probably not
mere coincidence that the first (present) version primarily is directed towards the
programming and early design phases. As in several of the other development
projects this product seeks to follow what W. Chan Kim and Renee Mauborgne
terms as a blue ocean strategy (Kim & Mauborgne, 2005) Red oceans represent
already existing industries and business areas characterised by established market
structures and tough competition whereas the blue oceans symbolises new and
non-cultivated business areas where competition is low and secondary to the focus
on development.
U_build scenarios
Although it is not directly addressed in the first (present) version of U_build the
approach of user generated content and dialogue (web 2.0) could evidently make
sense if used for communication in other parts the building process and as a tool
for useful knowledge accumulation throughout the process from planning,
programming and conception over construction to post-evaluation and facility
management thus encompassing and spanning across the entire value chain
(Mutopia,  2008:7). This ‘cradle to grave’-scenario has indeed been considered as
a possible future track to follow.17 However, with the present heavily text based
user generated dialogue it seems currently most obvious to use it for
communication and dialogue concerning ‘soft’ topics and the gathering of
qualitative data.18 The need for this kind of data collection is primarily present in
the programming and early design phases as well as to some degree in service and
maintenance phases. A tool directed towards dialogue during the final design
phase and the construction phase would probably require a modification of the
dialogue form in order to facilitate exchange of other sorts of information and
documentation thus including drawings, calculations, results from measurements
and technical analyses etc. Differentiated user access and a more direct possibility
of user manipulation of the 3D environment would also need to be considered.
Through the introduction of the principles of the Danish public initiative ‘digital
building’ (Det digitale byggeri) the integration of 3D platforms in the construction
management of public buildings has become mandatory. 19 Concerning the
17  U_build workshop February 26th 2009
18  ’Soft’ input is indeed mentioned (Mutopia, 2008:28)
19  www.detdigitalebyggeri.dk
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development of digital tools this means that these phases of the building process
probably represent more competitive markets, cf. the red ocean mentioned above
which make them less responsive to innovative thinking.
Critique and Perspectives
As outlined above U_build can tentatively be considered as a different genre of
integrated product delivery within construction (- a version 2.0?). It can – from an
architectural point of view – seem intriguing to work with system thinking,
integrated products and integrated product deliveries within this broader
perspective where the system level is more about systematic tools and processes
than about actual physical building systems. Perhaps this does not to the same
degree force the creative process of conception into a too narrow solution space as
well defined physical systems tend to do? In the following section a number of
characteristics of the present version are scrutinised and discussed in order to
outline possible future scenarios and perspectives.
Structuring of Data
U_build is claimed to ‘assure an overview of available information […]
knowledge accumulation and knowledge transfer’ (Mutopia, 2008:9). However
the present project material partly fails to explain sufficiently how the user
generated input – in the form of electronic ‘post-it’-notes – actually is ordered and
systemised in an efficient an meaningful way that makes it ‘useful for the
owner/developer and the consultant in the following phases of a construction
project’.20 To structure this type of qualitative data generated via end user input is
a complex task which can be hard to solve in a predefined systematic way or even
harder: in an automatic way. Although different software solutions for processing
of qualitative data do exist on the market this kind of data processing often
requires a considerable element of interpretation that will often be project specific
hence difficult to pre-programme. The extent of work needed for structuring and
the level of complexity will of course depend on the data quantity but it seems
plausible that it will occasionally require professional assistance. A strategy within
the present framework could be to control the specific dialogue through relatively
sharp and prearranged themes or categories. The price of this strategy on the other
hand could be the loss of a free dialogue that equally can bring forward valuable
and unexpected information.
User Groups
20  U_build presentation (pdf), April 2009
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A vision from the ‘preject’-phase was that the users should ‘meet each other, see
and experience coming building projects and urban plans and […] comment
throughout the design- and construction processes’ (Mutopia, 2008:39). This
virtual community-dimension where you could actually meet real-time and together
experience, discuss and possibly manipulate the three-dimensional model has been
taken out of the present version. This probably has consequences with respect to
certain user groups and their incentive for using U_build. On the other hand the
current more text based ‘post-it’-dialogue probably appeal more to other user
groups who would not have engaged in a more direct interaction with other users
within a virtual 3D-enviroment. An analysis and identification of potential user
groups addressed in the present and in alternative versions would be relevant in
order to assure that the gathered input is actually relevant and useful. Furthermore
the consequences for the validity of not necessarily having a representative set of
users should be clarified. When some groups are less attracted than others these
groups do not contribute proportionally to the dialogue and the knowledge
accumulation.
Purpose and Legitimation
The aspects mentioned above obviously lead to a more general discussion of the
purpose of user involvement in construction projects as well as who are actually
termed as the users. This discussion cannot be accomplished within the framework
of this paper but can shortly be outlined in the following way: The degree of user
involvement depends on what is left open and what is standardised or determined
in advance. In other words: How controlled is the choice of the user? Is there
actually a choice or is it rather a question of giving future (end)users a feeling of
influence and ownership that e.g. will make them care for their physical
surroundings? User involvement is in some cases applied exclusively (although
probably not explicitly!) as a legitimising process that does not lead to any
modification of the final physical result while still simulating to do so as well as
enabling documentation of this process. A last perspective in the discussion could
be the question of knowledge transfer through user involvement and participation.
The user generated content that is created within a specific integrated product
delivery of U_build which deals with a particular construction project could to
some degree become valuable and thus potentially transferable knowledge for use
in other construction projects. This both in the form of knowledge about and
evaluation on how the U_build-tool can have the best effect when used in projects
but also seen as a more specific knowledge base for use in future programming and
project development. However, this requires a clarification of possible problems
about rights and interest concerning the gathered information. This point is by the
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way a matter of general concern when U_build is launched by a consortium of
various stakeholders.21
Optimisation and Quality
Another problem related to the purpose of user involvement (cf. above) is whether
U_build as claimed actually is able to optimise the development and decision
making processes of a construction project? (Mutopia, 2008:7) Evidently, in cases
where an explicit demand for user involvement exists the optimising of this process
– as provided e.g. by U_build – has some potential. On the contrary, in other cases
where no such demand is present a deliberate choice of applying this tool as a part
of the programming and early design phase can lead to increased complexity with a
risk of complicating the process by providing a far bigger amount of information to
take into consideration. Still we have not addressed the question of whether user
involvement via U_build can lead to better physical end results hence contributing
to the presence of architectural quality of our physical environment. A common
error is that optimised processes and consequently less use of economical
resources automatically leads to more latitude to improve architectural solutions.
Architectural quality can not be reduced to a question of available economical
means. Still however, the way we tend to settle as human beings and the way we
arrange our immediate environment does have significance in our personal as well
as collective creation of identity. This is perhaps per se an argument for user
involvement and participation. A tool like U_build can be a way to link user
involvement and mass customisation in the ongoing creation and redefinition of
identity:
‘The second wave of industrialisation (Mass Customisation) that seems to become an option
and/or a condition in the years to come includes again – in an equally positive perspective –
a social change that however has changed character. The first wave [of industrialisation]
attempted to serve the common and the collective. This resulted perhaps in too much
homogenisation and conformity. On the contrary, the second wave [of industrialisation]
attempts better to meet the needs and aspirations of the individual ordinary citizen thus
expanding the spectrum with more varied dimensions for creation of identity and respect for
diversity.’(Jørgensen, 2007)
User Focused Design
In the introduction to this paper the division of labour was stated as a condition in
modern society – a development that has now created a need for tools for dialogue
like U_build. This division of labour is curiously not particularly distinct within the
architectural profession, where the educational focus and recruitment in the offices
is characterised by a bias towards the generalist. Part of the explanation could be
21  For further discussion of the concept of user involvement see (Lund & Nielsen, 2006)
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the architectural tradition of defining one of the prime tasks of architecture as
dealing with and encompassing wholes or complete solutions (if this in itself is not
a kind of specialisation as well?). The market structure among architectural offices
is characterised by many small offices and smaller rather autonomous units in the
bigger offices that all tend towards solving a wide range of different architectural
tasks (e.g. different scales, typologies, types of clients etc.). This strategy of
flexibility corresponds historically to a small (national) and highly fluctuating
market. Mutopia being the main promoter of U_build is to some extend an
example of a slightly different strategy: an office that has deliberately chosen a
sharper more specialised profile within a certain field namely what is termed user
focused design22 and user involvement. The general field of work and several
earlier references of Mutopia – not just the current framework of U_build – can be
seen as an example of one of several new roles for the architect emerging from the
challenges that are touched upon in the introduction. The architects – or part of
the profession – will perhaps in the future rather the creator, designer or facilitator
of a process that leads to architecture than the more traditional role as directly
giving form or shape to buildings or physical surroundings. If user involvement, as
argued in this paper, can be considered as a configurable integrated product
delivery then the architect can – using slightly provocatively a term from the
production industry – be seen a configuration manager of processes shaping our
physical surroundings. This (new) role could even be generalised to encompass the
architectural task of configuring other more physical building assemblies as
integrated product deliveries in construction. Still however, this does not change
the basic tectonic task of the architect which still is about moving from idea to
specific physical shape.
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Abstract. Most mass-customization (MC) studies have focused mainly on the MC
shopping process instead of on a shopping process integrating mass-customized
products (MCP) and mass-produced products (MPP). In real online shopping settings,
only a few online retailers provide MCP exclusively. Rather, many online retailers
provide both MCP and MPP in the same website environment. Consequently, some
consumers may make an unplanned MCP purchase, while others may make a planned
MCP purchase. This study explores the factors that are associated with consumers’
decisions to choose an MCP shopping activity over an MPP shopping activity. The
findings indicate that, far from burdening the selection process, an extensive assortment
of products and features is essential in attracting consumers. In addition, because of the
perceived risk of choosing MCP, past experience is also a critical factor in the MCP
shopping process.
Keywords. Integrated online shopping, experience, time and assortment
Introduction
In the late1980s, the mass-customization (MC) concept emerged (Davis, 1987). In
real online shopping settings today, only a few online retailers provide mass-
customized products (MCP) exclusively. Rather, many online retailers provide
both MCP and mass produced products (MPP) in the same website environment
The Integration of MCP and MPP Shopping in a Single Website Environment
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(e.g. ralphlauren.com). In addition, companies provide MCP shopping elements,
such as engraving a product or offering a variety of color choices for a product
within an MPP shopping environment (e.g. zappos.com). At the same time, in the
MCP shopping environment, companies provide complete product information
(e.g. Nikeid.com and apple.com) in order to reduce any extra effort for the
customers. As a result, both shopping concepts have become blurred in recent
times. Thus, rather than focusing only on MCP shopping, research concerning the
integration of both shopping processes must be studied to understand broad
consumer behavior.
Most current MC studies focus mainly on the MC shopping process instead of
focusing on a process integrating MCP and MPP (e.g. Simonson, 2005; Franke
and Schreier, 2008). There is little research focused on the integration of the
shopping process for MCP and MPP. Thus, this study extends existing MC
research on online shopping settings by integrating MCP and MPP shopping
processes to comprehend the overall online shopping environment.
Method
Twelve in-depth interviews were conducted in order to reveal information
regarding MCP and MPP shopping. Participants were recruited at a major
southern university in the USA. The research purpose and the interview process
were announced and described in several classes. After screening participants,
twelve participants (5 men and 7 women) were selected.
The Integration of MCP and MPP Shopping in a Single Website Environment
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Data was collected from interviews and observations of the participants in a
computer lab. To collect data, sets of questions were used during the interviews
regarding online shopping experience. Qualitative feedback gathered from open-
ended questions and less structured dialog between the interviewer and
participants. The interviews were tape-recorded and transcribed. Each interview
took approximately one and a half hours. A computer, which was connected to the
Internet, was also used in the interviews to show which websites the participants
preferred and how they searched for products and shopped online. To analyze the
data, the researchers utilized Marshall and Rossman’s (1999) approach and
Tesch’s (1990) interpretative analysis process.
Age ranged from 20 to 27 years and they were full-time undergraduate and
graduate students. Eight participants had experience with MCP shopping, for
objects such as personal computers, clothing, shoes, and vehicles. Four
participants had never purchased products using MCP shopping.
Findings
We found three broad factors associated with consumers’ decisions to choose an
MCP shopping activity over an MPP shopping activity. The first factor is large
assortments. Some MC research emphasize that large assortments create customer
confusion, and keep consumers away from MCP shopping (e.g. Haynes, 2009;
Franke & Piller, 2004; Hoffman and Khan, 1989). The participants however,
prefer to see an extensive assortment of products and features, and are
comfortable in dealing with large assortments in MCP as well as MPP shopping.
The Integration of MCP and MPP Shopping in a Single Website Environment
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Participants assort products based on how the product matches their needs in
features such as design, price, and color, and they can also be influenced by the
company’s recommendation (Kramer, 2007). The participants indicated that they
were able to identify particular products easily:
 “ … First, I have a real basic idea of my intended purchase… . then I try to
narrow down all of the categories. Let’s say I need a pair of running shoes.
I need a size 12, then I sort by brand and price… that narrows the selection
down a lot.”
Moreover, since their teenage years, they are used to handling a wide variety of
information. In addition, they make use of other people’s opinions and suggestions
such as friends and family members:
“… I use word of mouth before purchasing. Then, I usually have someone
with me like my mom or a friend and I ask “which one of these do you
like?”
Overall, they manage the large assortment of choice easily and without any
hesitation while shopping.
The second factor is shopping time. Most participants are able to wait for
products when they are for a special occasion or reason, as they want to have
specialized products even though they will pay premium prices for them. Some
participants expressed that they were not overly concerned about delivery time as
long as companies clearly explained the schedule in advance:
The Integration of MCP and MPP Shopping in a Single Website Environment
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“I understand that they can’t ship (MC products) overnight. I don’t mind if I
have to wait, because I want to have a perfect product.”
Thus, they do not want to compromise factors such as color and other special
features for MCP shopping. On the other hand, in MPP shopping, quick delivery
time is vital. Some emphasized that they wanted to have products as quickly as
possible.
The third factor we identified is past experience. Without past experience,
consumers have no idea what the shopping process will involve. There is a huge
initial barrier between MCP and MPP shopping. Thus, participants who had never
purchased MCP hesitated to participate in MCP shopping. There is no reason for
them to risk an MCP purchase. On the other hand, all participants who had MCP
shopping experience were willing to purchase MCP again. Some participants had
multiple experiences buying MCP and did not feel any risk or hesitation:
“Previous experience is very important. There were very few stresses if I had
already made a successful purchase of a (MC) product, since I would already
know the brand and the quality… . I hardly ever shop online if I have not had
previous experience.”
Therefore, experience is a key factor when being involved in MCP shopping.
The more consumers have a positive experience of MCP shopping, the more they
are likely to purchase from them in the future.
The Integration of MCP and MPP Shopping in a Single Website Environment
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Discussion
By conducting interviews, we explore what major factors are associated with
consumers’ decisions to choose an MCP shopping activity over an MPP shopping
activity in the integrated online shopping setting. We identify three major factors
that would influence consumers to choose MCP shopping over MPP shopping: (1)
large assortments, (2) shopping time, and (3) past experience.
The integrated MCP and MPP shopping environment provides a wide range of
choice with large assortments. Generally, there is a wide variety of product
selection in MPP shopping. Compared to MPP shopping, MCP shopping provides
limited product selection; however, there are a wide variety of features such as
color choice in order to satisfy customers’ specific needs. As for shopping time,
both shopping experiences have significant differences in delivery time. MCP
shopping usually requires more than one week, sometimes up to four weeks (e.g.
shoes and a car). On the other hand, with MPP shopping, companies can send a
product to a customer the next day. Some consumers do not want to wait the
extra time to get products (Nowlis, Mandel, and McCabe, 2004), while others
prefer to wait in order to better match their specific needs to the products. Thus,
they will choose MCP. Handling shopping time is a critical criterion for both
shopping activities (Davis, 1991; Kumar, Kalwani, and Dada, 1997). Regarding
past experience, there is an initial barrier in choosing MCP shopping. Once
consumers have experience with this kind of shopping, the barrier is lowered
(Verhoef, Lemonb, Parasuraman, Roggeveen, Tsiros, and Schlesinger, 2009). Plus,
the differences between MCP and MPP shopping have become blurred. In an MPP
The Integration of MCP and MPP Shopping in a Single Website Environment
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shopping environment, companies provide MCP shopping elements such as
engraving a product or selecting a variety of colors for MPP in an MPP shopping
environment.
Both MCP and MPP shopping have advantages and disadvantages. The
integrated MCP and MPP shopping environment would attract more consumers by
complementing their advantages and minimizing their disadvantages. This
exploratory research provides the first step towards the integration of the MCP
and MPP shopping environment.
Limitations
The sample for this research was a convenience sample although the target
generation is right. With the qualitative research, the number of participants was
only twelve, which further limits the generalizability of the findings.
Future Research
We only concentrated on interviewing generation Y; however, other groups (e.g.,
baby boomers) may react differently, so we plan to extend the research to include
other generations in order to compare them.
The Integration of MCP and MPP Shopping in a Single Website Environment
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Abstract.  To address the globally present issue of increasingly fragmented market, this
paper studies mass customization through a strategy of designing products and services
based on platforms. Firstly, the fundamentals of product platforms are presented;
secondly, the potential benefits and challenges related to platforms are studied; and
finally, an overlook on research on mass customization via product platforms and variety
in product supplies is provided.
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Introduction
The globalization and the increased buying power of customers along with the
current economic situation have led numerous companies to a demanding
situation; the increasingly fragmented market demands multiple differentiated
products while the costs must be reduced. The most substantial means to address
this problem is mass customization via designing products based on a common
Ritola, Alizon, Coatanéa: Implementing Mass Customization Through Product and Service
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platform. This article presents designing product platforms as a strategy to
increase revenue and cut the costs of a company. Also several topical studies on
product platforms as means to mass customize are introduced. In addition, certain
potential future aspects of designing product platforms are presented.
Product and Service Platform Fundamentals
Product platform is a word familiar to most consumers, but people tend to relate
different meanings to it; it may signify a physical platform to some, for instance a
car bed, or merely a shared design feature among the product supply to others.
However, to clarify the terminology used, in this paper we use a definition by
Muffatto & Roveda (2000) that is adapted from Meyer (1997): a product platform
consists of subsystems and interfaces intentionally planned and developed to
establish a common structure from which a stream of derivative products can be
efficiently developed and manufactured.
For instance Robertson & Ulrich (1998) include also personnel, processes and
knowledge to the definition of product platforms, but in this article the view of
product platforms is limited to the product itself. However, the term product
should not be considered only as a set of physical entities; service can also be
developed based on a platform.
Benefits and Challenges
A company designing product families based on common product platforms can
gain multiple benefits compared to a rival developing independent products.
Robertson & Ulrich (1998) and Sawhney (1998) present numerous benefits that
product platforms can offer: manufacturing costs can be reduced by gaining
extensive economies of scale; the design costs can be reduced, since the costs to
design a platform are significantly lower than the costs of designing multiple
independent products; several proven, successful elements in the activities of a
company can be reused; risks can be distributed to broader set of products; the
system complexity can be simplified by cutting the number of components and
processes in the system; the ability to upgrade products can be enhanced; the
investments in manufacturing can be reduced and the flexibility and responsiveness
can be enhanced.
However, there are also multiple challenges related to the design process of a
platform-based product supply. One obvious challenge, related also to product
design in general, is identifying the customer needs and the right market segment
to target. Particularly in platform-based supply, the customer needs need to be
Ritola, Alizon, Coatanéa: Implementing Mass Customization Through Product and Service
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clearly determined, since, at worst, the whole supply can be based on wrong
attributes. Second challenge is determining what product architecture to use;
delivering differentiated products with shared parts and production processes.
Addressing these problems requires interdisciplinary cooperation, which often
poses further conflicts. Furthermore, a general challenge of a platform design
process is the complexity of the process and the multitude of substantial decisions;
this results in various possible ways to fail. (Robertson & Ulrich, 1998)
Product and Service Platform Strategy serving Mass
Customization
High variety has always been the main issue in the design of mass customization
from an operations management perspective. In fact, the cost and lead-time of
customization result from process variations linked to product variety (Jiao and
Tseng 2004).
Several indices have been proposed to assess the design efficiency of a highly
varied product line from an engineering standpoint (Kota et al. 2000; Martin and
Ishii 2002; Alizon et al. 2009; Ye et al. 2008). However, all of these metrics serve
as the basis for recommendations on design improvements (including modification
of the product line features) based on engineering and manufacturing analysis
(mostly pertaining to cost reduction). They lack guidelines on how to increase
profits from consumer-perceived benefits.
In the manufacturing domain, Ahlström and Westbrook (1999), among others,
assert that companies working on product-based mass customization should have
the ability to transform and assemble materials to produce the intended range of
product variety. Accordingly, numerous supply chain management studies have
investigated mass customization. McCarthy (2005) summarizes the elements
needed to support mass customization (e.g. flexibility, postponement, information
technology and decoupling points). Li et al. (2005) assess the overall supply chain
system through six dimensions (strategic supplier partnership, consumer
relationship, information sharing, information quality, internal lean practices, and
postponement) required for mass customization.
Squire et al. (2006) recently analyzed three aspects--product, manufacturing
and supply chain--through four dimensions: cost, quality, delivery and flexibility.
The results indicate that firms can involve consumers at the assembly or delivery
stage with no significant reduction in performance of the four dimensions. The
results also corroborate "traditional wisdom" that involving consumers at the
design or fabrication stage increases prices and lengthens lead times. Nonetheless,
little is known about whether consumers value these types of customization and
why.
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Thus, existing models and the resulting decisions regarding a mass
customization program could be enriched by an approach that investigates
consumer perceived benefits.
Conclusion
From mass-customization point-of-view, designing product families based on
platforms is a substantial method to overcome the issues related to highly
segmented markets. This article assesses the benefits and challenges of designing
products on a common platform. The benefits comprise mainly of methods for 1)
meeting the needs of different customer segments more precisely and 2) cutting
costs of the design and manufacturing processes. In addition, the article presents
current research on mass-customization and product variety while proposing a
highly relevant area of future research; consumer perceived benefits. Multiple
efforts have been made to customize products on an itemized level, but whether
the customers appreciate these efforts, and moreover, are willing to pay for them,
is relatively unknown.
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Abstract. Many businesses belonging to the local or the Mainland's product design and
engineering sectors find it difficult to maintain commonality and economies of scale for
products with strict customer design requirements, which greatly vary per contract or per
piece. The design requirements are typically highly customized and costly to manufacture,
involve small production runs, and require long delivery periods. This university–industry
collaborative research project aims to develop a generic product design platform that will
facilitate the design and manufacturing process of electronic and home appliances using
product family design and our newly developed profile card concepts. The project is
intended to benefit our local and the Mainland’s product design and manufacturing industry.
This platform is a base for collecting, consolidating, and analyzing all necessary
information— including design and engineering knowledge, components, requirements,
technologies, and standards for a series of products— to build product architectures that
can reduce the number of parts of products and the time to manufacture and assemble
them, and that can streamline and simplify the conceptual design and embodiment design
phases through the reuse of previous parts, components, and ideas.
Keywords. Mass customization, Product Platform, Small and Medium Size Enterprises
(SMEs)
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1 Introduction
Mass customization is one of the important marketing strategies in today’s
competitive environment. As early as 1993, Joseph Pine has given a clear
definition of mass customization, which is the customization and personalization
of products and services for individual customers at mass production prices [1].
This marketing strategy is now being widely used. Some of the largest mobile
phone brands, automotive companies, and print designs and manufacturing
enterprises have declared that they have achieved the goal of producing a variety
of products to meet customer requests worldwide. Nissan, one of the biggest
automotive manufacturers in Japan, reported that they provided more than 80
different varieties of steering wheels for their customers to choose from. It is, no
doubt, good news for the customers, but it has brought great pressure to
competitors, especially small and medium enterprises (SMEs), to achieve product
variety, shorten lead times, and reduce costs all at the same time. Many SMEs still
design new products one at a time. The focus on individual customers and
products often result in “a failure to embrace commonality, compatibility,
standardization, or modularization among different products or product line” [2].
In fact, this situation is being experienced in the product design and development
industries locally and in most of the Southern China region.
In recent years, a new set of design approaches, called product design platform,
has become significant in addressing many design issues related to mass
customization. The basic concept of product design platform is that it can be
viewed as a design center, which allows complete definition of all possible
product options and variation combinations using minimum data entries [3].
Product design platforms are evolving research areas and powerful tools used
by many enterprises in reducing their lead time, increasing the number of reusable
components in the creation of new products, and maintaining the quality of
products. Normally, the structure of a product design platform is based on
different product architectures that can be used to characterize the user’s
requirement, to realize product flexibly, and to maximize the reusability of design
and manufacturing capacity [4]. Rosen [5] developed a “product family reasoning
system” to design commonality into a family of products. In the system, the
products and assembly constraints are represented using graphs, and system
modules are solved to satisfy all constraints. Optimization approaches are
developed by Gonzalez-Zugasti and Otto [6], and Nelson et al. [7] to design
product design platforms and families of variance. Li and Azarm [8] considered
the product line as the collection of products that all possess the same function
and attributes, but with different combinations of attribute levels.
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However, minimal effort has been done to build up tools to help our local
product design, and development enterprises establish sets of common modules
for different kinds of products. In such regard, this project aims to develop an
inexpensive, comfortable, and convenient design tool that can be easily adopted
by those enterprises that do not have sufficient experience in using and/or
developing tailor-made product design platforms.
1.2 Aims and Objectives
The ultimate goal of this collaboration project is to lead the developing product
design platform to a practical stage. A good product design platform is essential to
come up with a full set of technical knowledge that includes not only designs but
also the product of test specifications, quality standards, engineering
requirements, and component suppliers, among others. This information is used to
summarize the parameters that will serve as entry points for addressing the
product design platform in a practical way. However, the skill of parameters
selection is also crucial for the successful development of the product design
platform.
In view of the importance of mass customization of products for the
enterprises, a comprehensive study on the product design platform will be
conducted through experimental and computational approaches. The main
objectives of this project are summarized as follows: 1) To understand the needs
of SMEs in the product development under today’s competitive environment; 2)
To investigate a seamless knowledge management system that provides a logical
storage method that is based on the commonality of data, which allows the reuse
of the existing design knowledge and variability; 3)To come up with an evolving,
step-by-step method of implementing an inexpensive, comfortable, and
convenient product design platform during the design processes.
A literature review of the recent studies on the product design platforms is
presented in this report. In the developmental context of product design platform,
there are several hypotheses concerning the design issues related to mass
customization that have been stated by various authors. Their key concepts are to
share or reuse the design knowledge during the design stage. Based on such key
concepts, preliminary studies on the existing issues related to product design
platform are included. Moreover, in order to have an in-depth study of the needs
of SMEs, some engineering audits are also included in this cooperative project. In
the last part of this report, proposed future studies will be given. This research
project aims to deliver a practical principle to implement product design platform
for SMEs.
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2 Literature Review
Product design platform is a general term to describe a set of design solutions or
tools that can help carry out today’s marketing strategy – mass customization.
Since today’s product requirements consist of so many complex factors (e.g.,
product quality and safety, and ergonomic and green design), product design
platform with programming has been a common methodology for its evolution.
Programming has no limitations in managing a large amount of data in logical,
efficient, and effective ways. Moreover, with the development of Intranet, one of
the private computer networks, information sharing across a networked enterprise
has been stepping into the ultimate goal of mass customization. In the following
sections, three types of product design platforms using programming techniques
are introduced.
2.1 Web-based Product Platform
In 2000, Szykman et al. introduced the possibility of using web development tools
to establish a knowledge-centric system, which was called “Design Repository”
[9]. This web-based system was used to collect and share product information, not
only confining on geometric data but also designing knowledge. Such sharing
concept can be viewed as the foundation of product design platform. Nowadays,
this system has gone through a progressive development, and is now able to share
and manage data in more sophisticated ways such as searching for
parts/assemblies based on the input of required functions and specifications, and
explicit representation of physical and functional decompositions and mappings
between them. Moreover, Design Repository is an individual development
web-based system, no special client software is required as an interface between
the user functionalities and knowledge-centric system other than a common web
browser (e.g. Windows Explorer or Netscape). Through the web browser, it
enables the users to create, edit and browse the knowledge for subsequently reuse
at multiple locations.
2.2 CAD Integration Product Platform
Many leading 3D software vendors have kept on tracing the marketing change.
They have been developing a series of design tools to address the requirements of
mass customization. Dassault Systems, one of the 3D and Product Lifecycle
Management (PLM) leaders and innovators, has provided a comprehensive
knowledge management scheme in 3D vision. Some of the advanced functions,
such as design copy, design catalog, design table and revision management, etc.
are available to build and share corporate knowledge across the networked
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enterprises. Some of the largest brand enterprises such as Adidas, Boeing and
Sony reportedly have used Dassault Systems portfolio for their system control and
have achieved remarkable success in their business. These kinds of software may
be an ultimate dream for the enterprises who wanted to realize the production with
a variety of products to satisfy all customer requests world-wide. Unfortunately
the implementation always involves a large amount of development costs. For
many SMEs or developing companies, it is quite difficult for them to afford.
2.3 Tailor-made Product Platform
In the past, tailor-made CAD design tools were classified as advanced design
technologies. Only some of the experienced engineers were familiarized with
using these techniques. The traditional uses of tailor-made design tools in CAD
software were often applied in handling some simple and repeatable mechanical
design features, such as the design of fasteners, inter locks and screw holes, etc.,
in the creation of a new product. This capability requires the users acquiring an
in-depth programming knowledge, which was used to operate CAD software.
Either the limitation of function or the difficulty in use is also the biggest barrier
to motivate the users to develop their own design tools. Fortunately, with the
development of computer language and CAD software, tailor-made design tools
nowadays have become easier than before. Many engineers are able to develop
their own design tools, which can simplify the design processes and the users may
enjoy a significant competitive advantage of those who cannot.
3 Preliminary Studies
3.1 Background Information of Allan International Holdings Limited
Allan International Holdings Limited – Stock Code 0684 (hereafter called
“Allan”) is a Hong Kong-based enterprise with over 25 years of experience in
producing exceptional household electric appliances, such as food processor and
mixer, juicing and blending, deep frying, kettle and the like. Their products are on
shelves of stores all over Europe, North and South America and Asia, carrying
famous brand names such as Conair, Kenwood, Philips, Sanyo, SEB and Tefal,
etc. Since the 1980’s, they have shifted their company’s strategy from solely
manufacturing Original Equipment Manufacturer (OEM) products to including
Original Design Manufacturer (ODM) products. This innovation has posted a
great challenge to Allan. In order to keep its competitiveness in pricing and
delivery time, Allan has sensed the importance of continuous development in their
business strategies that include the production capacity as well as management
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concept.
3.2 Engineering Auditing
The definition of engineering audit is an evaluation of an engineering person,
organization, product, system, process or project. Audits are performed to
ascertain the validity and reliability of information, and also to provide an
assessment of a control. Regarding this project, the ultimate goals of engineering
audits are to 1) identify what the real challenges are and 2) provide references to
measure the achievements of this evolution.
Figure 1. Project Schedule.
Figure 1 is the normal project schedule which follows by ISO9001 standard. In
Allan, all projects are also based on this work schedule to run. 464 days in total is
the lead-time. 71 days (15.3% of lead-time) is assigned for the work on design
phase which is actually the most time-consuming task. Based on the above, more
studies have been done.
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3.2.1 Evaluation of Engineer’s Design Skill
Normally, there are three types of design methodology in the creation of new
products; they are (I) creation of new parts/assemblies, (II) modification and (III)
reuse of existing parts/assemblies. In Allan, designing a new product once at a
time is still their common design concept. More than 95% of parts/assemblies are
also new for any new product development. This is one of the main barriers to
speed up the design phase. Some researchers estimate that more than 75% of
engineering design activity comprises of the reuse of previous design knowledge
to address a new design problem [4]. Reusing existing parts/assemblies have a
great potential to improve not only shortening of lead time, but also the quality
and cost of resultant products. Existing parts/assemblies are defined as some of
well-defined components, which can minimize the development costs, for
example, material, safety and functional testing.
3.2.2 Problem in Knowledge Management
 “Losing employees means losing knowledge” says C Y Chung, Engineering
Manager, Allan International Holdings Ltd. The potential cost of losing
knowledge is always difficult to estimate for an enterprise. Allan had sensed the
importance of product data management (PDM). In the early 1999, Allan decided
to implement the PDM solution to facilitate their product design. PDM is a
category of computer software used to control data related to products through
creating and managing relations between sets of data that define a product, and
store those relationships in a database. Once this implementation had been done,
Allan announced that they have a central database to manage their engineering
data such as CAD models, drawings, requirements, specifications, manufacturing
plans, assembly plans, test plans and test procedures. Moreover this system can
also provide a secured environment to protect company intellectual property.
Nowadays, PDM system has been expanding to a new management concept –
Product Lifecycle Management (PLM), which can be viewed as the process of
managing the entire lifecycle of product from its conception, through design and
manufacture, to service and disposal. On considering the role of PLM, that
emphasizes the standardization and modularization on new product design to
maximize the chance of reusing available engineering knowledge. However,
similar to design methodologies (section 3.2.1), Allan PDM system does not
provide a systematic concept for the engineers to address the PLM approach.
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4 Allan Product Design Platform
4.1 Introduction
In the preliminary studies, the business architecture of Allan was laid out. The
direction of developing Allan product platform can be fixed on managing its’
existing knowledge. Basing on this approach, two basic requirements of Allan
product platform are proposed.
4.1.1 Allan Product Family
Product family can be defined as a method that creates an underlying architecture of
a product platform. It provides a logical storage method that is based on the product
commonality. Allan product family has one distinguishing characteristic. A
different kinds of product have their unique product family structure. The main
reason is that it is quite difficult to find a common component from two different
kinds of product except some standard parts such as screws, fasteners, wires, etc.
All Allan users also need to base on this structure in the creation of a new product.
The result of using this concept can address the design standardization and
modularization. It is aimed at providing a convenient way for the engineers to reuse
the previous design knowledge in the other project later on. For the future
development, Allan product family is also an important foundation to step into the
PLM approach.
4.1.2 Master Product Platform
The term of “master” can be explained as the head of product design. Under the
ultimate aim of product platform, a new product can be designed, created and
produced automatically through the product platform. Of course, it is still a dream
for all CAD software vendors or product designers. At this stage, master product
platform often used to respond part of design job. In Allan, master product platform
are expected to be in charge of the simple and repeatable design work. It is aimed at
reducing the workload for the engineers so as to speed up the design phase.
4.2 Product Platform Implementation
Allan has massive production and designs for plastic electric kettles, that is why
kettle has been chosen to be the first case study for the implementation of product
design platform. According to the rule of Allan’s standard part and modular
assembly management system (say, a different kind of product has its unique
product family structure, which has been defined in Chapter 4), the first task is to
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arrange the configuration of kettle design to a logical format. This complicated
task always requires an engineer who is familiar with the product structure, and
has thorough knowledge about the design, manufacturing and assembly processes
to work out. In this case, the result of kettle product family is proposed by a group
of senior engineers. There are three steps in total.
4.2.1 STEP 1 – Configuration Framework for Electric Kettle
Electric kettle (see Figure 2) aims at heating up or keeping warm water. Once the
water reaches to its boiling temperature, the electric kettle will automatically
deactivate to prevent the water from boiling away and damaging the heating
elements. Figure 3 is the state-chart diagram, which describes the behavior of the
operating electric kettle.
Figure 2. Electric Kettle
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Figure 3 State-chart Diagram of Operating
Electric Kettle
Figure 4 Design Tree of Kettle
Some plastic components are classified as critical components. Based on this
finding, a summary of the design tree was made. Figure 4 is the result, which is
concluded from six kettle projects. Housing, lid, steam channel, filter and heater
are also common modules in the creation of a new kettle. Once this conclusion is
done, the configuration framework of the electric kettle can also be drawn.
In Allan, the configuration framework in product family is based on the
module-based method [10]. In applying the module-based method in designing
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the product family’s architecture, problems that involve products with large
numbers of parts/assemblies can be solved easily.
4.2.2 STEP 2 – Knowledge Structure of Product Platform
Following the result from step 1, the next step is to build up the background
knowledge into the product design platform. This is one of the main objectives in
this project. In the kettle product family, there are five main design modules as
mentioned previously. In order to minimize the development time and maximize
the application area, there are five main product design platforms in total, which
are organized by the structure of design modules. The aim of this configuration is
to increase the chance of using the product design platform in other products, not
only limited to kettles.
The module of heating plate is the pilot case to realize the concept of master
product design platform. Heating plate comprises five components. They are
controller, aluminium plate, heating bar, sealing ring and steel plate. Each
component interacts with others. To discuss the interactions between components,
two important terms have to be introduced. They are “Parameter” and
“Interconnection”. “Parameter” is defined as the critical information which can be
a design specification, physical factor, dimension and the like in the creation of a
new component. “Interconnection” is defined as the linkages between different
parameters. After inquiring the opinion from senior engineer, a list of parameters
and its interconnections has been drawn (see Figure 5).
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Figure 4. Summary of Parameter Interconnections
The preliminary estimation of entry points for controlling the product design
platform is seven. Further studies have been done. Parameter can be classified
according to its nature. There are two types of parameters, fixed and variable
parameter. Fixed parameter is defined as some undeniable information, which
always refers to the product specification. Variable parameter is the opposite,
which can be changed at anytime. The variation depends on costs, materials or
markets, etc. Table 5.1 is the result of grouping according to the nature of
parameter.
Figure 5. Parameter Grouping
In conclusion, there are only three critical parameters in designing a heating
element.
4.2.3 STEP 3 – Product Platform Selection
Product design platform can appear in different formats. There is no limitation on
the selection of a product design platform. Besides the common product design
platforms as mentioned before, there are so many different kinds of product
design platforms available in the market. In this report, a simple but useful
method has been introduced to provide a guideline for the selection of product
design platforms.
There is a list of factors on the right-hand side of the Table 5.2. These factors
are used to describe the company needs, which allow the company to customize
the contents of list. Compared with each other, the table ranks the product design
platform according to its ability. By using the equation of total marks, the best
solution will appear. In this project, tailor-made product design platform is the
best choice.
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Figure 6. Summary of Product Platform Section
“Knowledge Sharing” is an activity through which knowledge (i.e. information, skills or
expertise) is exchanged among people of an organization.
“Product Data Management” is a category of computer software used to control data related to
products.
“CAD Integration” is the ability to control the CAD system.
“Cooperative Design” allows a group of people to work together in a project.
“Client Software” is an operation software determining whether it needs to install in the user
computer or not.
“Implementation” describes whether the installation method is easy or not.
“Open Source” is a computer software that is available for use at no cost or for an optional fee.
“Cost” is the amount of money that has been used to implement the whole system.
4.2.4 STEP 4 – Programming of Product Platform
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Figure 7. Master Product Platform
In order to control the development cost, a freeware (Microsoft Visual Studio
Express Editions) has been adopted to integrate the new developed tailor-made
product platform. Figure 7 is the final version of product platform.
5 Future Plan
In the past two years, a comprehensive study to enhance the competitiveness of
SMEs in the Southern China region by implementing a standard part and modular
assembly management system, and web-based product design platform has been
addressed in this thesis. Some suggestions for future works are given below.
The heating plate of the web-based product design platform was examined
through in-site trials, which is aimed at investigating its performance and
viability. This kind of investigation provides a model to promote the web-based
product design platform we developed to other SMEs. However, the lack of
technical support in terms of staffing resources is the main barrier for the
enterprises that wish to adopt this technology in real-life applications. Thus, more
university–industry cooperation should be encouraged.
Only mechanical knowledge, such as design specifications of different
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components, ware considered in the development of the first pilot case – the
heating plate of the electric kettle in the present work. Different aspects about the
production or molding knowledge should also be included in the future to
generate a complete platform for this fast-growing product design and
development industry.
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The explosive diffusion of the Internet since the mid-1990s has fostered the proliferation of 
user communities, virtual networks formed around a certain product or brand. One core aspect 
of user communities is that its members individualize or modify products, hack code, or 
adjust services to suit themselves. The modern business environment provides unprecedented 
opportunities for user communities to engage in these actions and, furthermore, the internet 
permits the rapid dissemination and communication of customer innovations (Benkler 2001, 
Figallo 1998, Preece 2000, Sproul 1995). In many cases the behavior of user communities 
formed around a certain product or brand can hardly be controlled by the respective 
manufacturer due to its rapid development (Lueg 2001). More often, user communities break 
ranks through certain behavioral patterns influencing the manufacturer in several ways. The 
case of the Apple Newton Brand Community (Muniz, Schau 2005) shows the miraculous 
performance and survival of a product that was abandoned by the marketer. It explicitly 
illustrates the importance of how a community can influence or even determine a company’s 
success, subsequently even leading to the return of the marketer. However, individualization 
and mass customization is, despite all positive effects, a source for conflict between customer 
and manufacturer. In 2001 for example, Jonah Peretti, an MIT graduate student, widely-
forwarded an email thread known as the “Nike Sweatshop Emails” in which Peretti exchanges 
politesse with an anonymous Nike representative over why "sweatshop" was not allowed to 
be printed on his toolkit customized Nike iD sneakers. This thread laid the basis for the 
emergence of a large virtual community discussing Nike’s communication strategy and its 
working environment, thus harming the firm’s reputation in several ways. This case is only 
one example of possible conflicts and the potential negative (or positive) consequences such 
conflicts can entail. Nowadays with the net, such customer-initiated activities can become 
even more potent in their scope, even without the privilege of mass media coverage (Moon 
and Sproul 2001).  
Our research examines these User-Manufacturer discrepancies and sheds light on the 
circumstances that may trigger and propel conflicts of this kind. By describing and comparing 
7 well-known cases in detail, we try to reveal why such User-Manufacturer conflicts occur 
and how they develop depending on the manufacturer’s de-escalation strategy. Our 
preliminary findings show that one of the major reasons for the emergence of User-
Manufacturer conflicts are autonomous user product-adaptations, which are not in line with 
the current corporate intentions. Fearing a loss of control and damage to their image, 
manufacturers often react by legal acts prohibiting single users to adapt or modify products. 
Our observations also indicate the counterproductive effect of the common approach of taking 
action against single users and trying to limit the conflict by not making it public within the 
user-community. A company not clearly declaring itself with regard to an upcoming conflict 
with a user runs the risk of exasperating its community and inducing a counter movement – 
even if the concerned user had not been a core member of the community. This effect seems 
to be true especially for innovative user communities that have developed independently from 
a certain manufacturer. Hence, a respective openness (closeness) of a company for its users is 
a preventative (reinforcing) factor for User-Manufacturer conflicts. Companies that generally 
encourage and support their users are more likely to experience success in the course of a 
conflict and even gain value by listening or even integrating its customers. Firms trying to 
discourage or resist the conflict matter seem to irrevocably run into trouble. 
 
Based on our observations and some theoretical insights into conflict theory and other 
relevant streams of literature, we propose some hands-on activities for manufacturers enabling 
them to manage upcoming conflicts with their user community. Our findings suggest for 
example that companies should adopt a certain governance structure within their user 
communities enabling them to proactively interact with the entire user-community in case of a 
conflict instead of dyadic interaction with single “problem children”. 
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Abstract. People's living environments are particularly important in an increasingly crowded and
complex world where the demand for inclusiveness and connectivity with the rest of the world is
crucial. The performance of conventional architecture which can be described as low-tech,
inflexible and not-adaptive, more and more contrasts with the variety of possibilities generated by
ICT, Internet and Pervasive Technologies. Industrialized architecture on the contrary could offer a
dynamic framework which is much more in tune with the fast innovating nature of new materials,
Microsystems and Information Technology  embedded in our environments. The paper’s goal is to
show that existing information based industrialization and customization strategies used in
building industry could be supplemented with functionalities enabled by embedded information-
based technologies integrated in the building and active during the building’s life-cycle period to
create physical service environments. A continuum form high-tech fabrication into high-tech
environments could be created through this convergence. All in all industrialization in Architecture
and Construction is reaching a next step in its evolution- and this evolution does not start from
scratch. Therefore in this paper we conduct a case study on value-chain relevant processes for on
demand customized building systems outlined by facts, processes and examples of Japanese
Customized Prefabrication (Sekisui Heim, Toyota Home). Japans Prefab industry is regaded to be
among the most advanced industrialized housing indusries in the world. Further a case study on a
“smart” and prefabricated prototype house (Toyota PAPI) highly integrated with Microsystems
leads over to the second part of the paper. There the outlined examples are conceptually
extended and carried on towards new kinds of customer relations, personalization and ICT based
service value creation.
Keywords. Customization in Architecture, Embedded Systems, Building Life-cycle, Open Source,
Physical Service Environments
1. Introduction
In a climate of urging individualization, fluent change and housing construction
volume 3 times higher than in Europe, Japans  ´ house makers have developed
advanced industrialization methods to deliver their products just on demand
according to customer preferences. Combined with a strong sense for customer
satisfaction, service and continuous improvement, which are inherent elements of
Japans’ economic culture, these industrialization methods reveal how different
kinds of Mass Customization work and give incentives for future industrialized
Customization in Architecture.
Toyota Home develops houses “to order” while it relies on adapted principles of
the Toyota Production System: flexible machinery, kanban, kaizen and just-in-time
just-in-sequence. Toyota successfully transferred production strategies from car
industry to housing production and metal frame cubicles are customized to
individual needs streaming through the factory from workstation to workstation.
The customization capability of Toyotas  ´ housing products exceeds that of cars
although in cars only 14.000 parts have to be combined compared to about
200.000 parts of a house. In the same way SEKISUI Heim delivers industrialized
houses with individual floor plans. Sekisui performs extremely fast and efficient
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80% factory production of individual houses. The customers are free to choose
their preferred degree of customer integration. Most Japanese Prefabrication
companies provide advanced service packages for their products and continuously
seek for new ways to extend their customer relations.
At the same time the “Microelectronic Revolution” continues and reaches our built
environments- in Japan as well as in Europe. Houses have up to now deployed a
relatively low degree of advanced technologies compared to other complex
products as cars or aircrafts or advanced working environments. Yet today
computing, embedded technologies, sensors, actors and user interface systems
become built-in features of our daily life. In the future Microsystems and their
areas of application will be further interconnected to generate synergies until the
whole house becomes a distributed and networked system of embedded
technologies (Smart Things/ Smart Spaces, Mattern 2007) serving as „hardware“
for a variety of new digital applications, services, eServices and related new value
chains. Toyota`s PAPI Hose, modularized, prefabricated and highly integrated
with up-to time technolgies, states a step into the direction of industrially
fabricated intelligent houses.
From a practical and/or economic point of view the performance of conventional
construction which can be described as low-tech, inflexible and not-adaptive, more
and more contrasts with the possibilities enabled by pervasive technologies
(Structural Changes and Technology Utilization, Bock & Linner, 2009).
Industrialized construction on the contrary could offer a framework which is much
more in tune with the dynamic and fast innovating nature of new materials;
Microsystems and information based networked systems embedded in our
environments. Structural changes in our economy, the increasing integration of
Microsystems in our living environments, the dynamic and open nature of
modularized systems, the evolution of modularized services and eServices related
to integrated Microsystems and finally the growing meaning of user centered
business strategies (Customization and Open Source) have the potential to
converge with basic characteristics of industrialized building systems. Emerging
tendencies in society, economy and technology (section 2) transform our living
Environments and unleash the power of systemized and dynamic environments.
Also from a scientific point of view the impact of the combination of customized
industrialized building systems and intelligent living environments on the
introduction of new business models has to be addressed and a holistic view has to
be developed. On the one hand intensive research on customized fabrication (e.g.
L. Sass, 2007), industrialized building systems (e.g. Timberlake, 2008) and large
scale implementation of industrialization in building industry (e.g. Manu Build
“Open Building Manufacturing”, 2009) is done. On the other hand research
focuses on the technical development and social and legal impacts of smart
technologies implemented in our living environments (Mattern, 2007; Fleisch,
2005) and even the transformation of processes in our environments through the
convergence of physical world and digital technologies is increasingly a matter of
research (Gabler, 2008; Greenwood, MIT, 2008). Further research is done on the
development of principles for integrated system design for intelligent buildings
(Elliot, 2009) and also the topic of flexible and personalized physical energy
platforms combined with intelligent resource management (Anilir, 2009) has been
addressed. Recently a new research field emerges which focuses on the
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development of flexible and smart service technologies for the independent living
of elderly people in their homes (Ambient Assisted Living, since 2007).  Yet not
addressed has been  the possible continuity of systems, information and value
creation throughout the whole building life cycle form customized building
fabrication into the building’s life-period, which will increasingly be influenced by
intelligent systems. A decade ago the focus switched from plain research on
industrialized construction to the integration of further topics as customization and
integrated energy technologies (e.g. Sekisui Heim, integrated and prefabricated
solar roofs) with the aim to enhance industrialization’s total efficiency and to bring
it finally into real world success. In the same way, today’s technological advance,
the spread of intelligent and integrated systems, could not been neglected when
talking about customized building fabrication. Emerging technologies in our living
environment somehow seem to close the technological chain enabling that high
tech-fabrication meets with high-tech integrated in the building for the creation of
greater synergies and values. Yet how could the continuity between high-tech
fabrication and high-tech integrated systems be achieved? Is there a structural
and/or information continuum? Could unconventional service or business
strategies adopted form software industry (open source) or automotive industry
(process improvement) even help to create a value creating continuum form
building fabrication into smart technologies active in the life-cycle period of
buildings?
In this paper we first analyze current changes in society, economical thinking,
technology and living environment influencing construction and industrialized
building fabrication. After that value-chain relevant processes for on demand
customized building systems are outline based on facts, processes and examples
given by Japanese customized prefabrication (Toyota Home, Sekisui Heim;
Section 3). Further a case study on a “smart” and prefabricated prototype house
(Toyota PAPI, section 4) leads over to the second part of the paper where
processes and strategies outlined in section 3 and 4 are evaluated and brought into
context (Section 5) and further extended and carried on. Therefore new kinds of
service and business models for built environments based on embedded systems,
extended customer relations, life-cycle oriented adaptively and services (Open
Source, Section 5) are presented. Psychological, ethical and social aspects might
also influence this convergence, yet they are not in the focus of this paper’s
analyzis.
The present paper’s goal is to shows that existing information based
industrialization and customization strategies used in building industry could be
supplemented with functionalities enabled by embedded information based
technologies active in the building’s life-cycle period. Through the convergence of
modular, industrialized and customized physical systems with Microsystems
technology, new information based technologies and related services and
eServices, industrialization in architecture and construction could reach the next
step in its evolution:
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Fig. 01: Possible evolution of prefabricated, systemized housing in the context of economic surrounding
based on Gilmore & Pine (commodities, goods, services, experiences) and Piller (shop fabrication, mass
production, customization, open innovation)
2. Analysis of current tendencies influencing Living
Environments and Architecture
The evolution of systems and industries from an initial state to a more developed
state is a subsequent process. In this process the general architecture or design of
an industry’s core product is changed and improved in several steps, by several
successful or un-successful trials, and by a reverse impact of society, economy and
technology on the conception of the product or “Artifact” itself. In most cases the
evolution distinctively goes from disordered and integrated structures of product
and enterprise organization to more modularized systems with advanced
organizational frameworks. Both in car industry (Henry Ford, Model T; 2008) and
in computer industry (IBM, System/360; 1965) the introduction of advanced
systemized, modularized and thus open structures marked a new era of economic
development. In both automotive industry and computer industry the fundamental
change of the “architecture” of the product was an important issue in creating
tremendous economic values (Baldwin & Clarck, 1999). However the evolution of
these “artifacts” was always closely linked and enabled by a synergetic evolution
with the social, economic and technological surrounding. Baldwin and Clark
outline that “… when an artifact with a modular design is created in an economy
with advanced capital markets, sub-industries of firms and markets organized
around modules may emerge and evolve in parallel with the module designs
themselves”. Similar, the evolution of prefabricated systemized housing can only
proceed in close context with improved modularity and connected to social,
economic and technological surrounding (Fig.02). To outline in which direction
the evolution in industrialized construction goes and to emphasize which potential
in this evolution lies, the following section analyzes current tendencies having a
direct impact on architecture, building conception and our living environments.
Tendency 1: Structural Changes and “digital economy”
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A look on the Gross Domestic Product (GDP) and the Gross Value Added (GVA)
in Germany (as an example) split into different fields of activity shows that the
economic meaning of construction is gradually shrinking. Meanwhile sectors like
Health, Information and Communication and Services generally extend their
relative economic importance (Bock, Linner, 2009). In 1995 German construction
industry had a powerful share of 7,1% in the gross domestic product. From 2000 -
2003 it had around 5% and in the last few years it settled down at around 4%
(Federal Statistical Office, 2009). Contrasting to the decline in building industry,
sections as Microelectronics, mechatronics, ICT and digital services are thriving
underpinning the development outlined in the section above. The European
Commission's “Digital Competitiveness” report published in August 2008 reveals
that Europe's digital sector has continuous progress since 2005: 56% of Europeans
today regularly use the internet, 80% of them via a high-speed connection
(compared one third in 2004). This makes Europe now even the world leader in
broadband internet and ICT use. Moreover Europe has more mobile subscribers
than citizens (Factor: 1,19). According to the report Europe’s ICT will develop
even faster in the future as a “digital” generation of young Europeans becomes a
strong market driver for growth and innovation. Building up on those potentials
the digital economy is supposed to become essential for Europe's recovery from
the economic crisis and for further economic development (EU Commission
Report 2009).
Tendency 2: Microsystems Technology and Living Environments
At the same time the “Microelectronic Revolution” (Bell, 1980; Mattern, 2007)
continues and reaches our built environments- in Japan as well as in Europe.
Houses which have up to now deployed a relatively low degree of advanced
technologies compared to other complex products as cars or aircrafts or advanced
working environments. Yet today the real-time IT-control of cooperating
distributed systems based on a variety of embedded technologies, sensors, actors
and innovative user-interface systems has reached our homes and becomes a key
technology for efficiency. Microelectronic systems are applied increasingly in
different application fields within a house: energy technologies, comfort and
security systems, ICT supported personal assistance technologies, digital health
care systems and telemedicine. In the future microsystems technology and their
application fields will gradually be interconnected to generate synergies until the
whole house becomes a distributed and networking system of embedded
technologies, which could serve as „hardware“ for a variety of new digital services
and related new value chains. “Pervasive Computing” and “Ambient Intelligence”
are only two of a multitude of appearing keywords accompanying a inevitable
technological
Tendency 3: Prefabrication & Microsystems Technology
Especially when intelligent high-tech components have to be integrated in our
environments, industrialized and therefore highly-modularized systems become
interesting. The problem with the development towards more embedded
technologies in our built environment is that the economic and technological life
span of appliances integrated with electronics or microelectronics differs from all
other components of a house or building extremely. Sometimes those components
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are outdated within one or two years meanwhile basic structures of buildings can
have an economic life span of up to 60 years or even more (IFB/Life-cycle cost,
2006). Additionally, dynamization and individualization in our society combined
with fastening innovation cycles lead to the fact that layouts and configurations
within the house have to be changed or adjusted even faster. In conventional
construction and non-modular houses this leads to a fast irreversible obsolesce of
smart technologies and investments or changes are costly. Thus often reduced or
simple technology is preferred due to low cost and extended lifespan. Today
conventional architecture’s strategies for developing, producing, constructing and
maintaining houses are unsuitable for the efficient integration of intelligent user
defined-systems. In contrast, industrialized or customized systems based on
modular, flexible and exchangeable components and sub-components have the
ability to be synchronized with the need for exchangeability of integrated
microelectronic systems and components over time and space.
Tendency 4: New value Chains through services and eServices
Demographic change and the enhanced rate of elderly people will put pressure on
the development of (digitally supported) services of any kind related to our homes
and environments. Many old people following the trend of living indepently at
home have to manage their life by the help of assistance technologies and services.
On the other hand enhanced working pressure and the need for more and more
comfort and connectivity also requires new services related to our homes for
younger or middle-aged generations. At the moment providers in Germany for
example already intend to create standards for the thriving market of housing
related services considering especially the potential of Microsystems for
integrating these services. Therefore standardization throughout the whole value-
chain of service packages related to living environments is in the focus of
providers. The new aspect concerning services today is not only their content but
also the possibility to create modular service packages from the collectivity of
services. In general household related services can be divided into 5 categories:
· Classical household related services (cleaning, shopping, laundry washing… )
· Security and safety related services (thievery prevention, fire prevention...)
· Care services
· Leisure time related services (organization of events, wellness… )
· Other services (babysitting, housekeeping, carpenters… )
Those categories apply for all age classes. A difference could only be made
concerning the motivation for consuming services. Whereas families and employed
persons acquire services predominantly to compensate a lack of time, for elderly
this services help to keep independence. Costs and coordination complexity for
providing services could be reduced significantly through the use of Microsystems.
Microsystems facilitate the initiation of household related services enormously.
The initiation by Microsystems could in principle be done in 3 ways (Fraunhofer
ISI/ Projekt Stadiwami, 2008):
· Manual initiation (TV, Control Station, Touch Panel...)
· Initiation by sensors (activity detection, vital sensors… )
· Initiation by processing/analyzing of information
Microsystems have the ability to facilitate household related services and moreover
they are more and more integrated in the houses’ infrastructure, components and
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finishing. Therefore the assumption could be stated that in near future housing
companies will not only deliver living space but also living services.
Tendency 5: Mass Customization and Customer Relation
What are the basic characteristics of a Mass Customization strategy? Firstly, with
the implementation of customization the value-chain model shifts from a
transaction-based model to an interaction-based model (Piller 2006):
Transaction-based model Interaction-based model
· Development
· Fabrication
· Sales and Distribution
· Product delivery
· Planning of product structure
· Development
· Customer acquisition
· Configuration/ Variants
· Configuration/ Specification
· Production
· Delivery
· Customer relation development
The integration of the customer into the value-chain is mainly realized by
establishing a configuration system and customer relation. The customer relation is
crucial as it allows realizing gains through further sales of products or services. On
the contrary, establishing the configuration process is related to additional costs.
Similar to the value-chain model for customized products the conventional
marketing mix is extended by the two related items (Lindemann, Reichwald & Zäh;
2006) Configuration Policy, Customer Relation Management which point out the
meaning of extended customer relations for Customization strategies. Realizing
Mass Customization, which naturally depends on a complementarity of activities, it
is important that all value chain relevant processes are implemented consequently.
Yet, up to now – either it is in conventional construction or in
industrialized/customized fabrication of buildings - the development of customer
relations has only been considered as a side issue. In customized prefabrication the
main focus lies on building system structures, fabrication and logistics in order to
implement configuration and individualized products. Thus in many cases of
industrialized or customized architecture, customer relation is built up through the
configuration process but not carried on through the extremely long and
economically important lifespan of a building. Most buildings are handed over to
the customers and after that only sometimes construction failures and warranty
problems are a reason for further contacts between suppliers and customers.
Suppliers of industrialized and customized housing have just taken over the non-
service attitude known from conventional construction but unleashed the potential
a long-term customer relation.
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Fig. 02: Social, economic and technological surrounding influencing the evolution of building design
The analysis of current tendencies having a direct impact on architecture, building
conception and our living environments conducted in this section, shows that
digital technologies, ICT and integrated microsystems technology will become a
built-in feature of future of environments transforming its architecture, conception,
economical strategies. Therefore systemized, modularized and industrialized
structures will inevitably play a central role in those changes as they offer
flexibility, openness and an organizational framework which is fundamental for any
evolution of designs or industries. As houses are traditionally strongly related to
individuality and preferences new information based business models (Mass
Customization) aiming at delivering individual artifacts perfectly meet with the
needs of architecture and construction. Moreover the demand for intense customer
relations as success factor for Mass Customization is fulfilled by the ability of
integrated Microsystems to create long term personalization, service and eService
based value chains. The technological chain seems to close and unleash the power
of industrialized Architecture.  Additionally the evolution of industrialized Systems
in architecture does not start from scratch. Round the world a variety of
industrialized systems, fabrication strategies and customer relation models have
been developed for different materials, areas and purposes and provide a solid
basis for further evolution. The following section therefore gives a case study on
Japanese Prefabrication, which is generally respected as the most advanced
industrialized housing industry in the world. Remarkably the Japanese
Prefabrication sector is already uncoupled from the architectural department and
subordinate to the government’s industrial department.
3. Case Study 1: Japanese Customized
Prefabrication
In Japan customized fabrication has a strong culture. After the second world war
Toyota Motor Corporation searched for a way to improve its’ productivity by a
factor of ten.  Already at that time the Japanese market was a fast changing one
demanding extremely small series of cars. The Japanese also visited the factories of
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Ford and GM and concluded that a fabrication strategy based on mass production
and “economies of scale” would never work with high efficiency in
their country under Japanese circumstances. Additionally they feared phases of
economic recession which could lower production batch even more. In those
circumstances and from those needs the famous “TPS” (Toyota Production
System) was born (Ohno, 1988).
The systems basic idea is to turne around the conventional one-directional
information and production flow. In TPS therefore information about the
demanded product is directly sent to the final assembly station and from there (by
means of Kanban) goods and process are generated which order just the pars
demanded for a certain more or less individual car (Production Pull System).
Toyota has built up a production oriented to individual customer. Finally the
system has turned out to work better the lower production batches became.
This strongly demand oriented thinking in industrial fabrication made it easy for
Japanese companies to deploy industrialized structures also in the fabrication of
houses. Houses are traditionally strongly related to individuality and preferences;
more than any other product as for example consumer goods or cars. Generally, in
houses we do not accept standardization, however, with their demand oriented
production thinking, Japanese manufacturers were able to fulfill these needs for
customized houses from the early beginning of industrial production in the 60ies.
Additionally, Japans culture of systemic construction (temples, castles, traditional
houses), a strong demands for rapidly fabricated houses due to Japans economic
rise and several big earthquakes, created an environment facilitating customized
prefabrication of habitat.
Today prefabrication in Japan has a share of about 15% which is mainly divided
among Sekisui House, Daiwa House, Sekisui Heim and Toyota Home. The
companies deliver steel- and wood-based systems. Most automated are the
production systems of Toyota Home (85% factory completion) and Sekisui Heim
(80% factory production). Daiwa House and Sekisui house have deployed
prefabricated column and beam systems. Toyota Home (Skeleton and Infill) and
Sekisui Heim (Unit Method) have based their system on cubical metal frames
specially designed for factory production flow.  In the following sections the
systems of Toyota Home and Sekisui House are introduced and then further used
to explain basic elements of Japanese customized housing fabrication.
Toyota Home
TOYOTA – today also deeply engaged in the development of robotic applications
- entered housing market with its section TOYOTA Home in 1975. Today it
develops houses “to order” while it relies on adapted principles of the Toyota
Production System (TPS): flexible machinery, kanban, kaizen and just- in- time
just-in-sequence. Toyota successfully transferred production strategies from car
industry to housing production and metal frame cubicles are customized to
individual needs streaming through the factory from workstation to workstation.
The customization capability of Toyotas  ´ housing products exceeds that of cars
although in cars only 14.000 parts have to be combined compared to about
200.000 parts of a house (Bock, Linner, 2007).
Sekisui Heim
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SEKISUI Heim, famous for its legendary “Unit-Method” introduced its’ HAPPS
(Heim Automated Parts Pickup System) and started to deliver industrialized
houses with individual floor plans. HAPPS was one of the first ERP solutions
enabling continuous workflow management for industrialized production of
individual products. Today it allows extremely fast and efficient 80% factory
production of individual houses. The customers are free to choose their preferred
degree of customer integration. Additionally, SEKISUI provides advanced service
packages for their products and continuously seeks for new ways to extend its’
customer and housing life-time relation (Bock, Linner, 2007).
3. 2 Product structure
In customized prefabrication the product structure and its` organization is the most
crucial and most complex item of the whole process chain and it is impossible to
take the building structure, known from conventional buildings. Systemized
building structures have to be developed in close cooperation with the needs of
industrialization, fabrication and customization. Japanese Prefab companies have
realized that relation since the beginning of large scale prefabrication in the 60s
and therefore, developed specific fabrication oriented designs. With the product
structure all other processes, resources, and business strategies are interconnected.
Therefore an open building structure is fundamental for dynamically integrating
new technologies, microsystems technologies and services into the design of
modern living environments.
Fig. 03: Product Structure Conventional Construction
Fig. 04: Product Structure Industrialized Building Fabrication
Unit Construction Method, Systemic grid and free floor plan
The systems of Toyota and Sekisui are based on the combination of steel frame
units to achieve the desired arrangement of a house. In general 10-15 units are
combined to one house, depending on size and proportion. On one hand the steel
frame units are used as a kind of “chassis”, able to stream through the factory
while being finished subsequently with all detachable parts. On the other hand steel
frame units combined on the construction site also build up the bearing column and
beam structure of a house.
The height of units is standardized, however, to form a individual floor plan these
modules can be adjusted on a 25 cm grid to nearly any size or shape. For roofs or
specially shaped houses modules with chamfered edges could be fabricated. Both,
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planning system and fabrication system are based on the same modular 3D grid. If
four units are added, the middle column could be skipped and rooms without
partitions or columns are possible. An interesting difference between the systems
of Toyota and Sekisui is that in the case of Toyota the profile size (width,
thickness of steel) of the columns and beams is standardized and remains same
with no respect to the shape of the units. This allows Toyota to realize scale
effects and mass production concerning basic structural elements. On the contrary,
Sekisui Heim fabricates columns and beams (which are combined to steel frame
units) with individually optimized profiles depending on the final unit sizes, thus
allowing to reduce resource consumption.
Skeleton and infill – structural decomposition
“Super Skeleton and Intelligent Infill”, Toyota calls its’ structural organization
system. In Japan Skeleton and Infill means the separation of the structural building
systems (steel frame units = Skelton) and decisions according to sub-systems and
sub-components (Infill). The steel frame skeleton could be outfitted individually
with floors, walls, façade elements, partition walls, different types of insulation,
furniture and appliances by several subsequent decisions made by the customer
during the configuration process (outlined later in section 3.2). The decomposition
of the building structure enables a highly industrialized production of buildings.
Different sub-systems and sub-components (infill) are supplied by a network of n-
Tier suppliers on demand and integrated with the steel frame structure in the
factory just in time just-in sequence.
Fig. 05: Toyota “Skeleton and Infill” Strategy: Shape - Steel Frame Units- Infill
Structural Decomposition is managed through modular coordination. Modular
coordination is a dimension and space coordination concept in which building,
structure and components are placed at their designations within an overlay of
several 3D grids chosen in respect of material standards and production processes.
It is one of the main aspects in Japanese prefabrication to bring the building and its
components separated by structural decomposition into relation to each other.
Within the overlaid modular grids, single parts could be exchanged by others or
even individually fabricated. Adding and exchanging of parts is possible as long as
they apply to modular coordination system defined by Sekisui or Toyota.
Platform- and same-parts strategy among types and variants
In car manufacturing platform, strategies do not aim at designing identical cars
distributed by different brands, but at providing a technical basis to which various
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attaching- parts are mounted. In a similar way Toyota and Sekisui use their steel
frame units as a adjustable platform on which all different types of buildings and
their individualized descendants are built upon. It is the common basis for all types
and variants allowing stable production processes despite the ability to customize
houses to any need. Parts/ Components mounted on the steel frame unit
“platform” could be distinguished as follows:
· Standardized Parts/ Same Parts: Interchangeable parts which  can be used in
different types and variants, same interfaces, same shape, same performance
· System-Parts: System parts have standardized interfaces but differ more or less
according to hosing type or variants concerning shape and performance; yet spread
broadly among many types
· Customized Cap-/finishing Parts: In the modular structure of any house customized,
adjusted and individually fabricated parts of n-tier suppliers could be integrated.
Sekisui Heim for example allows individual surface structure and painting for façade
elements fabricated by CAD/CAM systems according to individual customer
preferences.
Open System Architecture
About 10 new Sekisui Heim housing models and about 400 modifications and
improvements to already existing models are introduced annually. Therefore it is
necessary to be able to modify the product structures of each type easily. Based on
modularity and parts relations (explained above), Toyota and Sekisui have
deployed product structures for their houses which can be identified as “Open
Engineering Systems” enabling product evolution through both, internal product
modifications and implementation of new components, types, variants or
Microsystems.
3.3 Customers recruitment and Configuration Process
Locally oriented model parks, housing types and factories
Japan is a country with quite contrasting climate regions which have generated
different habits and tastes. Southerly in Kyushu and Okinawa the climate is humid
and even sub-tropical, in winter it merely has below zero degrees and the life style
of the people is different from that in the metropolitan areas Tokyo or Chiba. In
the north, for example in Sapporo, winters are cold and snow levels up to 1 meter
are normal. Houses need thick insulation, pitched roofs and smaller windows and
the taste of the people concerning designs is different. Considering that Japanese
people today, particularly demand for individuality, different regional preferences
are a basic challenge for every company delivering industrialized houses.
Therefore, Sekisui and Toyota offer different types of houses fitting to japans
regional, cultural and climatic differences. Customers can choose from these types
and then adjust them to their individual needs. To get closer to the customers,
regional based model parks in strategically important areas are established. Each of
shows house types relevant for a specific area. Specially trained local staff is able
to consult according to locally based needs. Accordingly factories are placed in
each of those different areas finishing houses to the preferences of the region. So
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Sekisui Heim’s “Chezdan” house, its variants and individual derivates, have thick
insulation, windows, roofs and design styles fitting to colder regions. “Chezdan”
types are finished in a factory near Sapporo. This strengthens the relation to the
customer and moreover factory processes and logistic networks are adjusted to the
specific materials needed in an area.
R&D Centers, Living Areas and Service Contract
All Prefab Companies in Japan run several R&D centers with affiliated “Living
Areas”. In those R&D centers constructions and designs are developed and tested
until 100% Quality performance can be guaranteed. So, for example structures are
tested and improved on “Shaking” for earthquake resistance; façade elements are
put into laboratory units and exposed to extremely hot and cold circumstances,
rain and wind. In other laboratories, sound performance and fire resistance is
tested. R&D Centers and experimental laboratories are open to customers and part
of the marketing and customer recruitment strategy: they show that companies are
innovating and improving their quality constantly. Most R&D Centers are
moreover related to “Living Areas” which state showrooms where customers can
inform themselves and make decisions concerning their house’s final configuration.
Off-Line Configuration
The configuration process is done in several steps guided by trained customer
contact staff helping the customers to make decisions as quick as possible. The
complex configuration software allowing choosing from types and variants and
enabling adjustment of finishing and details according to individual needs is used
by the service staff. Configurators are specially developed data model oriented
CAD programs with extended functionalities. Once an individual design is fixed,
the program automatically generates parts lists and coordinate tasks, logistics and
fabrication processes (f.e. HAPPS Heim Automated Parts Pickup System).
Flexible Degree of Customer Integration
With the systems of Sekisui and Toyota, customers are free to choose their
preferred degree of customer integration. Yet the degree of customer integration
(still) determines the price. If the customer relies to one of the basic types, chooses
a standard floor plan and standard finishing for interior, windows and façade
elements the price for the house will be at a minimum. However, it is up to the
customer. Both companies are able to prefabricate houses with specific floor plans,
special shapes, customer determined or even customer designed individual
finishing. Continual process improvements aim at lowering price impacts of
customization gradually.
3.4 Logistics, ERP and Automated Parts Pickup Systems
SEKISUI Chemical Co. Ltd. was Japans  ´ first company that developed plastic
molds (1947). Today its’ annual revenue base is about 1.4 billion and
approximately 50% come from Sekisui Heim, its  ´housing division created in 1971.
Sekisui Heim famous for its industrialized “Units-Method” today relies on HAPPS
(Heim Automated Parts Pickup System) introduced 1984 by ISAC, a corporation
financed by SEKISUI Chemical to develop expert systems and applications that
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could be used synergetic in its  ´ housing division and other Sekisui production
enterprises.
Today Sekisui Heim offers two systems of unit built houses. The “Two U Home”
is a wood based system and “HeimSystem” is a steel based system. Yet to turn
Sekisui Heim into highly productive company was initially enabled by its advanced
IT-based Enterprise resource Planning System called HAPPS. As explained above,
all houses are made of 10-15 steel frame units, all finished individually according
to customers’ demands. This means that every unit prefabricated in the factory is
different. Therefore it is an important process to select and pick up about 30,000
components correctly for each house, out of about 300,000 components building
up the solution space and feed them to the production line just in sequence (Furuse
& Katano, 2006).
HAPPS is a parameter based system supporting the whole workflow:
customization, planning, receipt of order, logistics, fabrication and delivery. It
helps to generate parts and component structures and parts lists from the CAD
floor plans (Parts Explosion). Based on the Unit information generated from the
CAD models also location information concerning all parts, components, cables
are generated to build up an object oriented virtual house. Out of that HAPPS
automatically schedules logistics and fabrication just in time and in sequence of
processes and work tasks. Around its  ´ factory based production Sekisui Heim
additionally has installed a remarkable supply network. This supply network is
bound together by the advanced modular product architecture of Sekisui Heim’s
houses and HAPPS ERP scheduling and controlling material supply, processes,
workers, automated machinery and industrial robots (Furuse & Katano, 2006).
Fig. 06: Functionalities of Heim Automated Parts Pickup System (HAPPS; Sekisui Heim)
HAPPS is a complex expert system which has been developed further and further
now for more than 20 years. The problem in housing industry is that its’
architecture naturally is quite inhomogeneous which means that a house comprises
of a multitude of different types of components and a multitude of overlaid
systems: building structure, cables and supply infrastructure, energy system,
furniture, appliances. It is easy to fabricate simple products by CNC or some other
way of rapid prototyping, yet industrially customizing a house with its’ many
overlying components and systems is a complex task showing how evolved
Sekisui`s HAPPS is.
3.5 Customized off-site fabrication: a mixture of human power,
automation and robotics
Both, the factory production of Sekisui and Toyota is based on assembly line
production and moving steel frame units being customized due to required floor
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plans, styles and installations. Traditional “Mass Production” in the factory is
abandoned and the order penetration point (decoupling point = mass production
shifts to individual production), is shifted to the very first stations in the factory,
where mass produced steel profiles are assembled to steel frame units. After that
the units are completed individually (one-piece-flow).  This is achieved by an
ecology of automation, industrial robotics, cognitive systems, handling devices and
still a high rate of human power, used for completing the modules in the factory.
Especially in the finishing stations of the factory, where modules are made to
order, the production has shop floor character, yet work is done on a moving
assembly line speeding up the completion. Seen form an economic point of view,
houses are customized with industrial means, yet costs are still high and Japans
prefabricated houses are available to the same cost or even higher cost than a
conventionally build house. In Japan this could be accepted as “Prefab” dealers
offer a proven and certified quality, advanced maintenance and life-cycle services
and houses being highly resistant against earthquakes.
Factory layout, logistics and automated sorting
In Japan every Prefab maker runs several factories distributed throughout Japan,
each of them producing predominantly the types of houses required in the
surrounding region. Yet the basic production layout is similar in all factories and
so are the basic product structures and production processes. After automated
assembly and welding, the steel frame units are brought onto a moving production
line. Then they stream through the factory from workstation to workstation until
they are completely finished with all installation and most appliances integrated.
The factories therefore offer gates on both sides of the assembly lines where the
materials, parts and components needed for the customized unit production are
delivered just in time and just in sequence by cooperating suppliers. Both Sekisui
and Toyota therefore have remarkably small inventories. After material delivery,
sorting and de-palletizing, scanners, handling machines and instructions generated
automatically by HAPPS (Heim Automated Parts Pickup System), assist with
bringing them into order of production and feeding the assembly line.
Fig. 07: Just-in-time delivery of components; Fig. 08: De-palletizing by Cognitive Robot
Automated Steel Frame Production
One of the basic features is the automated assembling and welding station. Into
this station ceiling elements, flooring elements and columns are fed and then
automatically welded to a frame. The feeding of this station is assisted by handling
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robots and handling devices. In the case of Toyota, the welding itself reminds to
typical scenes known from automotive industries, and robots perform an
automated spot welding to the specially designed joints. Sekisui has developed rail
guided welding robots which are part of the feeding station as shown in Fig. 09.
After automated welding accuracy and quality is checked meticulously before the
frame is taken up by the moving the assembly line and fed into the completion
process. Before that, in the case of Toyota, the bare frames are sent through a line
of subsequent dipping bathes completely automated. The dipping bathes refine
quality and durability of the frames including all joints and gaps.
Fig. 09: Automated Welding of Steel Frame Unit (Skeleton); Fig. 10: Unit brought on the moving
production line
Subsequent 0-Waste Steel Frame Unit Finishing
After automated welding and subsequent quality checks, the steel frame units are
slowly but constantly moved on the assembly line through the factory. Assisted by
handling devices, subsequently prepared and scheduled through HAPPS (Heim
Automated Parts Pickup System), interior and exterior wall elements and
insulations are fixed to the frames by workers. Throughout those completion
processes in a determined and controlled factory environment, in contrast to
conventional construction, a minimum of waste is generated and remaining waste
is fastidious sorted for reuse.
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Fig. 11: Just in Time Just in Sequence Completion of Steel Frame Units on the moving production line
(One Piece Flow); Fig. 12: Finished Unit leaves Factory
The pre-installation of furniture and cables done in the final stations, is an
important part of the production strategy of Sekisui and Toyota. The more
extensive houses are equipped with electrical installations, Microsystems and
appliances, the more the strategy of unit factory completion pays off for the
companies and for the customers. Factory surroundings are perfect for an
extremely fast installation of technical infrastructure and technical components
minimizing failure rate and guaranteeing (long-term) functional operability.
Rigorous Quality Control & Transport Preparation
Additionally to quality control performed by robots and high tech sensors specially
trained and qualified staff, rigorously inspects quality after each workstation. Each
company has developed quality checklists for 200-300 different items for every
house. Moreover elements as underside of floors or wall infill, cannot be inspected
after the house is completed. Finally the last assembly line station in the factory
prepares the finished modules for transport. Space inside the modules is used for
the transport of some less material, finally assembled and fixed on-site. From a
special factory gate the packed modules are brought into a special camp beside the
factory and when all modules of a house are finished, they are delivered to the site
by a transport group of several trucks, just-in-time and just-in-sequence of unit on-
site assembly.
Modularization of factory and resource supply structures
Throughout more than 30 years both Sekisui and Toyota have developed modular
factory and resource supply structures. Due to constant changes in product
structures and according to the recurring introduction of new housing types,
applications, tools and machinery have to be added, exchanged or adjusted
dynamically. This also affects supply chains where materials and component
delivery organization has to to be modular for continuous improvements and
reaction to demand changes. An interesting example for an up to date modular and
flexible factory is Sekisui’s new factory near Sapporo. In this factory, steel frame
and wood frame production is combined. From one side the steel frame units are
streaming to the central area, from the other side the wood frame units; finishing is
done in the central area for both types. Moreover the centre and thus the resources
of the factory can be shifted depending on the demand for wood or steel
construction. In the future it is expected that the demand for wood construction
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will rise, yet it is not sure how much and so Sekisui’s new modular and flexible
factory allowing to reorganize and to adapt internal organization is a forward-
looking solution relying on up-to-date production strategies.
Integrated IT-Structures for Production Planning and Control
Japanese companies have always been famous for their frontier introduction of
Information Technology. ERP structures, as introduced with HAPPS (Heim
Automated Parts Pickup System), are implemented also in the factory to schedule
production and control machinery. Toyotas factory for example, allows a Kanban-
and IT-supported horizontal communication between different production modules
and workstations. In some parts of the factory (especially when human work
power is demnded) Kanban or printed work- task-schedules are more effective
than IT-control solutions; yet more or less, both of them, Kanban and printed
work- task-schedules are controlled and generated by IT today.  The vertical
communication with the superior ERP/HAPPS is completely integrated by ICT
into the factory.
3.6 Rapid On-Site Assembly
Delivered on-site just-in-time and just-in-sequence by the companies’ transport
groups, the finished steel frame units and the prefabricated roof modules are
assembled within one day. This means that the house becomes water proof and
wind tight immediately and construction failures and quality losses are thus
reduced to a minimum. Within the protected house, specially trained assembly
workers (neither Sekisui nor Toyota employs unskilled, low cost worker!)
complete the house and installation in less than 1 month. After assembly of the
prefabricated units within one day, minor interior works and outside facilities are
finished within 1 month then.
Fig. 13: Assembly of factory finished Units within 6 hours
3.7 Handover, Warranty and Customer Relationship
Attracting and retaining clients is essential to the success of any business and
especially in any customization oriented strategy this plays an important role.
Through the customization process the companies receive detailed information
about the customer and establish a relation to the customer. Considering that the
economical life-span of a building exceeds that one of any other product by far,
and that during the life time of a building, in many cases, more money on energy,
maintenance, renovation and services is spent than on the initial purchase, housing
companies tend to focus on the life-span of houses as one of the main items able to
make customization a successful business strategy. At the moment Japanese
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companies are still far away from providing really new life-time business models,
yet Sekisui and Toyota have developed a service attitude and essential life-cycle
building services which could build the a basic framework for more extended
business models and which are therefore outlined in the following chapters.
Handover as Experience
The handover of a house from Sekisui or Toyota is not just a normal handover. It
is accompanied by a typical Japanese service attitude making the handover a
positive experience. The move to the new home is done or at least supported by
the companies with nor or just a few extra charge. When the house is finally
handed over, the customer receives a detailed manual about his house with
information how to use house, systems and appliances integrated. In this book they
can learn or look up everything relevant concerning their new home. The manual is
designed as a helpful guide during the first years.
With the handover of the house the customer also receives quality and warranty
certificates which prove the performance of the house. As all individual houses are
customized variations of a serial product similar to car industry, the performance
concerning durability, earthquake resistance and many other factors has been
proven with many tests in the R&D laboratories (section 3.3) and could thus be
guaranteed. These guarantees play an important role because of two factors. First,
Japan is constantly hit by smaller or lager earth quakes and the houses of Toyota
and Sekisui are certified through many tests on the standardized structure to resist
an earthquake of up to 7.2 on the Richter scale, which conventional built houses
can never ensure to that extent. Secondly, there is a harsh competition between the
Prefab house builders and the rest of the housing industry as well as among Prefab
companies. So any kind of certificate, warranty or service could bring a
competitive advantage.
Regular inspection and long term maintenance
Toyota gives a warranty for 60 years on basic structure, facade, walls and roof; 30
years on all other elements and 5 years on frequently used elements as floors.
During that time regular inspections by specially trained maintenance staff is
conducted, ensuring that any failure or damage is repaired instantly thus avoiding
claims and customer dissatisfaction. The inspections are done according to fixed
standards and schedules proven over many years. The customers can choose from
different maintenance packages. The smallest package insures inspections
concerning the warranty; other packages also could ensure carpenter help for daily
life and minor changes or reorganizations. Although Sekisui and Toyota offer
warranty for 60 years, their constructions are supposed to be durable for 120 years
or more.
Fig. 14: Toyota Home Maintenance Model
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Flexible house structure, life style consulting and renovation
Both, Sekisui and Toyota offer the possibility, that due to changes in life style or
household size, modules can be added to the house or removed. Nevertheless such
reorganizations are still complex and costly, the modularity of the unit system at
least offers that possibility. At the moment both companies are researching to
achieve real flexibility concerning units and attached elements to simplify changes;
whereas joints will play an important role.  Sekisui Heim offers renewal and on
demand reorganization service by a related sub-business called Sekisui Fami-S.
The company educates and licenses architects, designers and life-style consultants
to carry out those services. Fami-S performs about 100.000 reorganization
projects a year, and thus states a good example for transforming the conventional
selling process of a house into an extended life-cycle and user oriented business.
Energy and sustainability
Delivering a house with integrated and efficient energy systems becomes more and
more important for Japanese prefabrication companies as a competitive advantage.
On the one hand this allows them to increase the sustainability of their products,
on the other, improved energy systems lower the monthly cost for the customer.
Today advanced research is done, for example by Sekisui Heim to establish IT-
controlled, modular and customizable energy systems based on a common IT
platform for energy, multimedia, safety, security and personal assistance. Those
systems are expected to be integrated in all basic types of houses as standard
systems during the next two years.
Controlled deconstruction and “Reuse System Houses”
All Houses of Sekisui Heim can be accepted as trade-ins for a new Sekisui Heim.
Therefore the deconstruction process is a modified version of the construction
process which was based on unit factory completion and rapid on site assembly of
prefabricated units. For deconstruction, first the joints between steel frame units
are eased and then the house is transported to a special dismantling factory unit by
unit. There the outdated finishes are dismantled and fed into advanced reuse cycles
established around factories. The bare steel frame units are further inspected and
renovated and then equipped with new finishes desired by a customer who has
chosen to buy a reused house. On a Web-Platform for “Reuse System Houses”,
Sekisui organizes a matching of people who want to sell their modular house for
reuse and people willing to buy reused house modules for further customization.
Renewed units are reorganized and customized in the factory and finally
transported to other customer's building sites. The newly outfitted units based on
reused steel frames are then assembled on a new foundation in a new site. Thus the
system allows that a house once purchased by parents or grandparents could be
relocated and reorganized to serve their children or grand children. For Reused
and reorganized Houses, Sekisui Heim offer the same guarantees, supports and
services as for newly built ones.
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4. Case Study 2: Prefabricated “smart”
Environments, Toyota PAPI
Realized 2004 as a collaborative Project of Ken Sakamura, Toyota Home, Toyota
Motor Corporation, Denso Ace Corporation, YRP ubiquitous Networking
Laboratory and several other technology oriented companies, the Toyota PAPI
Dream House can be seen as a step into the future of customized houses. Here
Toyota has realized a vision of the extension of it’s core business towards
integrated Microsystems and technology based life-cycle performance. The house
is a prototype showing how to use the life-cycle as a potential of our homes in
times demanding for inclusiveness and connectivity.
The prototype house is located in Nagakute, Aichi-gun, Aichi Prefecture, Japan,
and it is a hybrid between fascinating Japanese architecture, industrial
prefabrication and seamlessly integrated Microsystems supporting energy
performance, security, health and personal assistance. The house becomes even
more interesting considering the background and business scope of Toyota.
Toyota is in contrast to many European and American companies, a company with
an extremely broad area of businesses interests. It not only focuses on fabricating
cars but runs businesses in several areas: houses, personal mobility (Toyota iReal,
Toyota iSwing, Toyota iUnit), Robotics, IT and network solutions, biotechnology,
marine technology. Toyota has a holistic attitude (Technology, Manufacturing,
social Contribution) and its long-term strategy is to provide synergetic
technologies for all areas of life. Into that background the PAPI house fits very
well and Toyota could generate various additional value chains related to its’ other
(not-Home) business fields.
Industrially fabricated and customized
Likewise all other Houses of Toyota Home, the Toyota PAPI House has been built
upon the standardized 15x15cm steel profiles and the typical steel frame cubicles
fabricated and completed in the factory on the production line. According to
Toyotas “Skeleton and Infill” strategy the cubicles for the PAPI House had been
finished with special facade elements, high quality materials, innovative
technologies and Microsystems integrated in the factory to suit the demands for
this prototype. The approach shows that it iseasily possible and even advantageous
to fabricate houses highly integrated with new technologies industrially, and to
synchronize modular product structure, fabrication and the integration of high-tech
components and high-tech assemblies and sub-assemblies.
Integrated Microsystems and intelligence on demand
The PAPI Dream House was designed to reflect various new computing
technologies that had been supposed to be available during the next decade.
Courtyard, entrance, kitchen bathroom, sleeping room and all other rooms have
been integrated with assistance technologies and interface devices. Yet
Technology is present on demand at any place in the house, it is decently
integrated by architecture thus remaining in the background showing how a high
degree of Microsystems could become a part of any living environment.
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Plug-in Cars and Multidirectional Energy Flow
Toyota PAPI has distinctively been designed to generate synergies with other
Toyota technologies and business areas. One of the most important of those
synergies should be created for Toyota Motor Corporation's Prius Hybrid car
“Sedan”. Charged by driving, the “Sedan” plugged-in into the electricity port of
the garage could also be used to supply electricity to the intelligent house for 36
hours in case of an emergency, such as an earthquake or a taifun which could cut
off electrical supplies (emergency switch). The other way around the house
supplies electricity to the battery packs of the vehicles. This electricity could be
obtained from solar cell panels that cover the roof, plus the sides of the structure.
The house additionally relies on solar heating and fuel cells, which makes it a kind
of semi autarkic house. Combining systems as intelligent energy management,
transportation and living environments, is an approach that Toyota also fosters
with many of its small scale concept cars.
Ubiquitous Computing and Communication
Toyota PAPI House is not just a normal smart house with interconnected and
controllable appliances. The special thing is that it is one of the first realized
approaches trying to apply the idea of Ubiquitous Computing and ubiquitous
communication between user, home, car, goods, living environment and town.
More recently, Ubiquitous Computing is also described as Pervasive Computing,
Ambient Intelligence, or, more recently, Everyware. All those approaches towards
integrated computing share the vision of small, inexpensive, robust networked and
embedded processing devices, distributed at all scales throughout everyday’s life.
Ken Sakamura who co-designed the house is moreover member of the Ubiquitous
ID Center, an organization bound to establish and popularize the core technology
for automatically identifying physical objects and locations and to work toward the
ultimate objective of realizing a Ubiquitous Computing environment.
Once integrated and customized to the users general needs, microsystems
technology allows to easily adapt and personalize environments. In the case of
PAPI dream house this means that for example preferred room heating, lighting,
preferred multimedia content and other personal preferences can be saved and
adjusted for each room and each person individually. Preferences are transported
and recognized via personal “Ubiquitous Communicator”, a PDA device for each
person living in the house.
Microsystems and Ubiquitous Services
An environment (fully) integrated with Microsystems, and thus ready for
Ubiquitous Communication and Ubiquitous ID Technology can provide the basis
for a multitude of customized services and “experiences” that could be created
upon them and initiated through them. In the PAPI dream house kitchen for
example all goods food packages in fridge and storage are recognized and
displayed to the user via screen or UC PDA device. Through the same devices the
users can instantly connect to any service provider or food distributer and order
exactly the missing things- or he just gives the house the instruction to do that.
Those technologies applied in big scale would automatically lead to an enhanced
efficiency for both customers and for food or service providers; storages,
warehouses, staff and shop area could be reduced to a minimum and the customer
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orders just-on-demand and just-in-time. Incredible to imagine what could happen
in terms of customization and optimized on demand supply chains, if we then
connect providers of customized food (mymuesli.de), customized medicine or any
other customized good or service directly to such systems!
5. Lessons from Case Studies
The above outlined shows that Japanese prefabrication companies have in all
company and product levels deployed basic structures to perform what we can call
“Mass Customization”. Meanwhile around the world for a decade now operational
and “front end” structures concerning “Mass Customization” have been developed,
promoted and transferred into the area of various products and services from shoe
industry up to automotive industry. Compared to houses or buildings all this
products are relatively low-cost and have a relatively short economic life span.
From the point of view of “normal” products Toyota and Sekisui already have
done a great performance: they use highly modularized and platform based product
structures, advanced logistics and fabrication and offer high quality service and a
house hand over which already goes in the direction of giving customers an
experience. But is that enough considering that houses are products with an
economic life span of 30-60 years or more? Is that enough considering that
houses are our most personal things where we want to express ourselves
dynamically over time and space? Is that enough concerning the fact that in the
era of Internet, eOffice, eHealth and eGovernment our houses and built
environments become more than a one dimensional physical living space?
It is surely not enough! To bring greater revenue for companies and customers,  to
unfold its` real power and eventually catapult housing industry into the presence of
the industrialized and digitalized age,  the “Mass Customization”  strategy has to
be adapted to the distinct features and specialities of the housing industry.
Especially concerning industrialized and customized houses, or personal living
environments, we need a more holistic approach. With customer services,
handover, warranty and Customer Relationship Management outlined above
Sekisui and Toyota have laid the foundations for future developments.
5.1 Convergence of System Levels
Industrialized and modularized structures fit with the needs of new and fast
developing Microsystems as they allow flexibility, independent improvements and
continuous change (Baldwin & Clark, 2001, P. 123 “The Modular Operators”).
The economic and technological life span of appliances integrated with electronics
or microelectronics differs from that of all other components of a house or building
extremely thus provoking modular, adaptive approaches. The examples given  by
Toyota and Sekisui show that it is possible to combine industrialized Architecture
(section 3), integrated Microsystems (section 4) and extended customer relations
(section 3 and 4). Based on these examples a framework for the convergence of
physical and technical building components with more informatics-based systems
could be designed:
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Physical Level: Sekisui and Toyota have developed advanced product structures
to be fabricated industrially and customized. New inventions around the world
concerning material processes, fabrication technologies and industrial robotics are
made every day. The point is just that we have to shift building construction to
building production, as done in Japan, to be able to benefit from these advances.
Both, product and fabrication system, have to be modular in order to be able to
exchange and develop components and technologies indecently and quickly
according to marked demands.
Hardware/Technological Level: In their systems on the market Japanese
companies neither other companies have yet deployed houses or buildings really
equipped with a high degree of electronics or Microsystems. In most buildings a
relatively low degree of technology is preferred. This is probably to a high extent
related to the fact that in conventionally built houses, technology once integrated
could hardly or just at high cost be exchanged. Conventionally built houses are
inflexible and not-modular systems and any change in order to adapt or personalize
is a problem. However, the PAPI Prototype House highly equipped with new
technologies while based on the modular unit prefabrication system marks a step
into the right direction.
Software/Computational Level: Computer industry, Informatics, Software and
their surrounding economic system, today are deeply based on the idea of
modularity. This kind of system architecture is also stated as reason for the
incredible fast evolution of the computer and software industry initiated by
introduction of IBM System 360 which was based on a modular and customizable
platform. In this industry and in the area of intelligent systems and software, the
designs and system architecture has undergone a rapid evolution generating the
most advanced models of modularity.
Service Level: Today service industry is still growing in all mayor countries and in
countries on the edge to rapid industrial growth we can expect that the service
industry will face an incredible boom. New services and service ideas are created in
the pace of minutes. The gradual integration of Microsystems in daily live and
environments and the developments in the area of software and data management
provide a fertile ground for services. Services can be developed on those systems
meanwhile those systems facilitate the initiation of household related services
enormously (Initiation by sensors, data analysis, activity detection health
monitoring; section 1.4). Further an important aspect concerning services today is
not only their content but also the possibility to create modular service packages as
a basis for service customization. Due to their immaterial nature services can be
modularized and customized dynamically over time quite easy.
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Fig. 15: Convergence of System Levels
5.2 Personalization and Service Customization through integrated
Microsystems
An enhanced technology rate in our homes could be used for both strengthening
customer relations and for system configuration according to customer preferences
and needs by use of microelectronics and ICT. Microsystems technology as own
and separate discipline more and more disappears and rather it merges with other
segments. In car industry, drive and gear are already highly integrated with
electronics and distributed interconnected cooperating systems. Driving
experiences and motor sounds of different models are often not any more
generated by placing different drive and gear components but by changing the
settings of electronics and software. Comparably, user-defined, intelligent houses
will recognize its´ inhabitants moving through the living environment and room
configuration, multimedia human- machine interfaces, climate, energy, lighting,
height of tables or furniture and displayed services could be personalized on
demand or automatically to dynamically changing use cases.
Further integrated microsystems technology and ICT foster any kind of targeted
services or sequences of services, whether they could be performed digitally or
not. On one hand they simplify the initiation of non-digital services manually, by
sensors or by the analysis of data and information. So, for example, appliances
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integrated menus could help to identify services, critical health condition measured
by a sensor network could automatically trigger a certain kind of service, and a
real-time analysis of actions and preferences could help to suggest suitable services
of any kind. On the other hand, the modern eBusiness is built up on the ongoing
digitalization of services creating more and more so called “eServices”. In
eServices (enabled by ICT) the core item of the service could be provided digitally
(Piller & Meier, 2001). This means that service providers and service customers
can be distributed locally, and any kind of embedded system, appliance or
intelligent network able to access the internet, could act as a transfer station for
services offered round the world by anyone and anytime. Generally speaking
standardization, modularization and digitalization which are the main forces in
today’s service industry, become more and more accepted. In the future they will
increase the meaning of Microsystems for identification and distribution of services
(not-digital and digital) gradually.
In conclusion it could stated that a modular, flexible and industrialized structure on
the building’s “product level” (physical level) would foster the integration of
Microsystems (technological level), Software based Intelligence (computational
level) and related services (service level). As shown in the example of the
systemized and prefabricated Toyota PAPI House, modularity, standardized
interfaces and platform organization as inherent principles, would help to structure
and crosslink systems and sub-systems on all those levels enabling their
industrialized production (Toyota, Sekisui). Synchronizing structure, technological
components, networked data systems and service systems to a coherent system
closes the “technological chain” between functionalities that are fundamental in all
our lives, yet which are up to now, in a remarkable dis-convergence. The crown of
closing this chain could be the relation of on demand services towards flexible
building structure and embedded systems directly into our living environments.
6. Suggestion of Service Based Business Models
Based on the outlined convergence of system levels, buildings’ enhanced
technology rate, new methods of industrialized building fabrication and extended
customer relation and service models, new value chains and new business models
could be generated adopting the strategy of “Mass Customization” to the specific
needs of building industry. The inevitable enhancement of the rate of technology
and personalization in our buildings will not be possible if it is not distinctively
accompanied by savings through industrialized production on the one hand and
new service oriented value chains on the other hand.
Services play an inevitable role in any customization strategy (section 2, meaning
of customer relation for customization strategies, tendency 5). In industrialized
housing industry, extended services have been neglected for long time and
especially in housing industry, where the product-life-cycle is extremely long and
performance intensive, extended services play an even more important role.
Service based customer relations allow realizing gains through further sales of
products or services- whereas establishing advanced product structures,
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industrialization and configuration systems will be more related to additional costs.
The value chains that could be built up on Microsystems and services have the
potential to turn customization in Architecture and Construction into a value
creating business, more than any fabrication technology or CNC machine.
What could open source mean in architecture and construction?
The open source business model thrived in the 1990s with the introduction of open
source-software such as Linux. The hope was that revenue would be generated
through maintenance, service and support rather than the sale of the product.
Although Linux is not dominating the world market, it is one of the most reliable
and evolving operating systems to this day. Transferred to construction,
architecture and house building sector the idea could contribute to enhance the
market share of prefabricated, modular and flexible houses and it could generate
great synergies with the idea of mass customizing houses over time and space.
Traditional economic model: The traditional way for customers to purchase a
house is to hire an architect which fixes the design. After that, the plans are handed
over to a separate contractor which is then working out the plans and constructing
the house. Finally, both the architect and the contractor are paid, the house is
handed over and in most cases the relation between customer, architect and
contractors is finished then. Later when maintenance, modification or
rearrangement has to be done, often no  architect or contractor is  hired, a lot of
money is spent and modifications are of low quality, not really adding value to the
house or the life quality of the people. As the designs are not-modular, installations
are integrated and sub-modules are tightly fixed to the rest of the building
structure, any real change or “up-date” with new technologies or Microsystems is
difficult and costly.
Open Source model: In an open source model for industrialized and customized
housing it could be possible that the owner would pay less to the architect or the
contractor. Exaggerating this model the house could even be “free” as it would be
the operating cost, changes, rearrangements, maintenance, personalization,
services and eServices that would generate revenue for the contractor or the
housing company. Maybe the house isn’t free but simply costs considerably less.
Although the operating cost would then be higher compared to a traditional home,
the quality of the product living would be better and it would be more
customizable. The utilization of the enhanced degree of technology, microsystems
technology and related services outlined could then play a central role. The
convergence of system levels (Fig.15) would make this model – maybe starting
with moderate models in the beginning- a reasonable solution creating higher value
for both, the customer and the housing contractor.
Comparing the traditional model and the open source model with each other, they
could be seen as the extreme poles of the possible solution space for future
business models in industrialized housing industry. The traditional economic model
thrived in a time where durability- after times of war – was important to the people
and where the product renewal circle for all kinds of materials and technologies
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was 3-10 times longer than today depending on type of material or technology.
Moreover, the benefits of digital technologies, ICT, advanced communication and
mobility where unknown or at least unexplored 50 years before. On the other hand
the open source business model came up with the spread of PCs, Mobile devices
and internet accompanying accelerating innovation cycles and fast changing
markets. Open source presents a modern way of business thinking, correlating
especially with other up to time strategies as Mass Customization. Although it is
not as simple as it has been for other product industries to transfer it into
architecture and construction, which generate much more diverse and complex
products, and although it will probably not be possible to give houses for free to
the customers, a open source oriented model enabling a flexible and dynamical
integration of components, Microsystems, services and eServices would state a
reasonable way to open houses and construction systems for our rapid
technological advance. Open source interpreted in the way of relating dynamical
flexibility to extended building life-cycle customer relation supported by integrated
Microsystems would provide a solid framework for those models. Moreover a
service and ICT based Open Source model would be able to generate great
synergies with the structural changes occurring (section 1.3) in our industries and
help to utilize the power of growing “digital economy” and rapidly evolving
service sectors. The whole economy could benefit from an industrialized and high-
tech based housing sector.
Business Model Type 1: Open Source
In an life-cycle based open source project, the house is nor sold to the customer by
the full price necessary to gain back the construction cost including revenue; the
selling investor or contractor in the beginning does not operate cost-covering by
intention. Yet through extended life cycle customer relation and corresponding
offers and contracts after a certain period of time an even higher revenue could be
generated. Through monthly payments for the offering of services (cleaning,
shopping, laundry washing, carpenters, maintenance), eServices (health, working,
learning, information) and for services enabled through the modular, open and
flexible building structure (modifications, changes, renovations, life-style change) a
fictive future total revenue could be presumed. This open source service model not
only creates higher total value for the contractor but also for customers who
obtain houses. Moreover, the reduced initial price for the house increases the
buying power of the customers fairly long-term and less money is devoured by
interest.
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Fig. 16: Principle of Life-cycle based Open Source Business Model
Business Model Type 2: Automotive
In highly industrialized automotive industry, steady process improvements are used
to lower production cost. Yet the lowered cost are not used to make the cars
cheaper or to increase the gains, but the rate of technology, electronics and
Microsystems is enhanced gradually, thus also rising the value for the customer.
Through that strategy, competitive advantage is generated as well as additional
services and eServices value chains, which could be generated on the integrated
Microsystems (Radke, Abele, Zielke, 2004). A similar model could be developed
for housing industry as a moderate and thus initial version of enabling a life-cycle
based open source model in housing industry. Once construction is switched to
industrialized fabrication improvements in the industrialized processes could be
used to enhance the houses’ rate of technology, integrated microsystems
technology and assistive devices, which then have the potential to generate
additional revenue through the life-cycle. Above outlined prefabrication systems
(Toyota, Sekisui) could serve as basic framework for implementing industrialized
processes and physical service environments.
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Fig. 17: Principle of Business Model transferred from Automotive Industry: Savings through process
improvements for enhanced technology rate; left side: conventional construction; right side: industrialized
production
7. Conclusion
With the outlined integration of Microsystems and related building life-cycle
services (digital and not-digital) into modular, flexible and industrially fabricated
building structures, the life cycle period of buildings inevitably becomes a value
creating factor. Mass Customization which is itself an information based
organization strategy, taking into account the whole value chain and relying on
fitting all processes from marketing and product development up to production,
logistics and customer relation could thus be extended by another information
based factor adding additional value. The implementation of this new technologies
and value chains will be a challenging new task for Prefab Housing Industry which
has to be done for several reasons. One reason is that customer relations and
interaction-based models (section 1.1) are essential for every Customization
strategy. Especially in construction industry, where the product lifecycle is
extremely long, the information gained during the customization process could be
used for effective long-term value creation. Another reason is that Microelectronic
systems and related features as personal assistance, intelligent resource
management, context awareness, new working and learning environments, new
mobility concepts and ICT based services gradually become a inseparable part of
our daily life. This changes our life-style as well as our economic environment and
provokes approaches and new business models that are coherent with those socio-
technical changes. The above outlined building life-cycle oriented Open Source
model accompanied by the convergence of physical level, technical level, software
level and service level (section 5) could be developed upon existing industrialized
strategies (Toyota, Sekisui; section 3,4). Life-cycle oriented Open Source is a
solution to utilize the building lifespan and to implement modular and adaptive
systems, which could serve as the basis for physical service environments. Further
an Open Source model would be able to generate great synergies with the
structural changes outlines (section 1.3) and other industries helping to utilize the
power of growing “digital economy” and rapidly evolving service sectors. The
whole economy could benefit from a technology oriented, dynamic and
industrialized housing sector delivering continuous services during the building’s
lifecycle. Further research will investigate validation, possible realization scopes
and methods to introduce life-cycle based Open Source models gradually in
architecture and construction businesses. Further various experiments in order to
develop guidelines for modular physical service environments are planned.
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Abstract. The application of customization in housing industry has attracted attention
from homebuilders and consumers in many countries for the last decade. With
customized housing, customers have wider latitude of choices beyond the monolithic
decision in traditonal housing. Given the additonal choices for customers, developers are
facing new challenges in deciding different business alternatives such as what is the right
mix of attributes offerered to customers, range of choices, etc. Specifically in this paper,
high-rise Customized Apartment (CA) is selected as the research object to neutralize
location factor. A framework in which CA develpers can address related economic
questions is presented. To do so, firstly presented are CA market segment and the
challenges that CA poses for architecture design, sales and marketing, project
management etc. This analysis provides a basis to further identify cost drivers in this
customization scenario. However, customization brings value along with costs, thus CA
value creation model is discussed subsequently. Furthermore, an empirical evaluation of
CA, which is a project carried out in China, is also present to discuss the operating
window of customized apartment in a specific business environment.
Keywords. Customized Apartment, economic analysis.
Introduction
With ever-increasing urbanization and improved quality of life, demand for
high quality housing has also been increasing significantly. As the ultimate
criterion for high quality, customer satisfaction is heavily depending on individual
tastes, preferences and lifestyles. In fact, personal preference exerts one of the
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most significant weights on the value of housing. What is more, given every
house has its own location, views, sunlights and others, customization is essential
to achieve better energy conservation and environmental sustainability. Therefore,
customer’s increasing demand for housing variety leads to the fact that
customized housing has been widely recognized as a prominent trend in housing
industry(Naim, 2003; Leishman, 2006). Evidence existing in the coutries like
United States, Japan, UK and some EU countries deonstrates that numerous
homebuilders are exploring ways to deliver higher level of customization in
housing design (E. Hofman et al, 2006). In practice, customers are offered with
the flexibility to configure their unique houses by making choices in vast number
of options such as location, exterior finish, floor layout etc.
However, most of so-called successful cases are low-rise homes. Other than
low-rise and single-faminly dwellings, high-rise customized apartment building is
particularly selected as the research object in this research. This is not only
important for area where land cost is high, but also  the factor of localization
could be neutralized in the economic analysis. It means customers’ geographical
and environmental preferences are not included in their houing decision-making
process. The reason why apartment building is studied simply lies in the fact that
apartment is the distinguished form of housing accommondation in the big cities
which are characterized by high population density and shortage of residential
land supply, especially those in Asia and US.
In order to establish the common ground for discussion, Customized
Apartment (CA) is defined as follows: Customized Apartment is a type of
apartment that is designed and built according to customers’ specific preferences
and ultimately sold or leased to them.
Nevertheless, this creates the situation that both customers and CA developers
are facing new challenges in making rational decisions in respect that both of
them are exposed to a substantial number of choices for each option, which
significantly engenders decision-making complexity for both. From the point
view of develpers, questions like that how to manage the trade-off between
product variety and the efficiency loss due to customization and that how to
deliver exactly what customers want at reasonable prices and lead times are
crucial to the success of CA. But on top of all that is how to make it profitable
and sustainable. Because developers have no incentive to deviate from standard
and adopt CA strategy model if they have to suffer financial losses. Thus
economic analysis of CA, which is the main contribution of this paper, becomes
imperative.
The purpose of this paper is to present a framework that in which CA
developers can address salient questions like:
(a) Under what condition it is worthwhile to provide customization as an
option?
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(b) How value could be created and delivered in CA and where are the sources
of price premium?
(c) Does added values outweigh additional costs? How to evaluete a CA
project?
(d) What are the operational and strategic implications for CA development
life cycle?
The rest of this paper is structured as follows. Firstly, a qualitative market
analysis attempts to explain where the CA market is. This is followed by the
challenges that CA poses for architecture design, sales and marketing, project
management etc. This analysis provides a basis to further identify cost drivers in
CA. In addition to that, CA value creation model is also discussed subsequently.
Finally an empirical evaluation of CA, which is a project carried out in China, is
also presented to discuss the operating window of customized apartment in the
specific business environment.
Potential Market: Qualitative Analysis
It is predictable that residential building developers tend to see CA as an
disruptive strategy since it challenges their traditional business model which has
been rather matrue and profitable. CA apparently creates pressure on developers
who are often reluctant to sacrifice production efficiencies by deviating from
standard models(Nahmens, 2009). However, one of the underlying reasons is that
they are not certain about where is the market for CA and whether it is
worthwhile to provide customization.
Given the vast number of possibility and relatively broad interpretation of CA,
in addition to the fact that no comprehensive market reserach has been repoted, a
qualitative analysis is presented here to discuss under what condition a market
could be a potential market.
The nature of CA implies the potential homebuyers should both value
customization and has demand for apartment. Thus the potential market is
characterized by the following features:
 Urban and semiurban areas in metropolitan cities. This is a obvious
precondition for CA market. The shortage of residential land supply and
high population density leads to the large demand for apartment building,
which can solve the residential problem effectively in terms of inhabitants
per unit of area of land and municipal infrastructure cost. Thus this
geographical factor creates the fundamental demand for apartment.
 Diverse household structure. When demographical factors are considered,
household structure and income are the most important ones. The
heterogeneity of housing market partly results from the different strure of
household such as single person, couple, couple with children, couple with
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parents and so on so forth. The diversity intrincally stands for different
customer needs.
 Large group of buyers with middle and high income status. Providing
customization as an option, developers are naturally inclined to charge a
price premium to the customers as customer satisfaction and possibly
production costs increase. Therefore, the target customers for CA are
required not only to value customization but also have sufficient purchase
power.
CA Challenges and Cost Implications
This section is to discuss the challenges and cost implications in implementing
CA business model.
Structure System Design
Compared with low-rise custom houses, one prominent challenge emerging in
CA scenario is the structure problem. In residential building, shear wall system is
usually adopted since it is more effective in resisting lateral (wind and seismic)
loading than column frame system. However, shear wall system imposes
partitioning restraint onto the residential unit layout. In general, to increase the
cost effectiveness and strcuturally efficiency in residential buildings, some of the
internal partition walls are designed as structural RC wall. The allocation of those
internal structure walls limits the room layout flexibility. Therefore, to suit needs
of different customers, a structural system that can allow flexible partition layout
often becomes necessary. However, it incurs additional cost in design,
construction as well as impacts on net usable spaces.
Sales and Marketing
Challenges in sales and marketing are strongly linked to the diversity of
customers and frontline sales duties.
Firstly, defining the range of customization could be a challenge. Initially, all
items in the flat are in fact candidates for customization. However, there are
several factors restricting the feasibility of offering many options. From the sales
and marketing point of view, too many options tend to confuse customers. A
complex option system is also likely to lengthen the negotiation process and
require more sales staff working time. Understanding different customer needs is
therefore an important challenge.
Secondly, verbal communication may not assume customers’ full
understanding of their selection. Sales therefore need to use new tools to unify
customer’s internal view of their configuration.
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Other sales and marketing challenges, like pricing strategy and sales contract
related problems, may also arise because of laws and regulations.
Project Management
In CA customers must be involved in defining the design specification, thus
customer order information will only be available after the design is finished and
the sales consent is given, and only for sold units. This is likely to cause project
delays, since the construction site requires customer orders or a default choice for
unit design to proceed with construction. Developers will therefore face a major
challenge in limiting this delay at the same time as customer orders can be
included in the construction work orders. The efficiency of CA depends on how
effectively customer orders can be managed. When work orders are sent to the
site, the contractor will face the challenge of when to start each unit’s
construction. Currently, the contractor follows an efficient cycle, but with CA,
orders will arrive randomly for different units based on sequence of sale.
Therefore, it is a challenge to plan the order release to the contractor to maintain a
reasonable efficiency in the construction site.
Cost Implications
By no means are the above challenges exhaustive. The nature of real estate
development determines the analysis of challenges may occure during the
development cycle should be on a project basis. However, based on the above
analysis of general CA cases, the main cost drivers for developers could be
identified and summarized as follows:
 Architechure and engineering design.
 Sales training and demonstration tools.
 Additional marketing effort.
 Complexity in site management.
 Supporting infrastructures
Value Creation in CA
Compared with standard models, CA doesn't come only with additional costs
but also added values. According to Piller et al.(2004), customization is connected
to the possibility of charging premium proices because of the added value of a
customized solution meeting the specific needs of a customer. This argument is
also applicable to CA scenario. Figure 1, which is adapted from Piller’s mass
customization value creation model, depicts how added values can be created and
delivered in CA.
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In the context of CA, the discrepancy between heterogeneous customer needs
and supply of standard housings indicates the possibility of customization. While
customer satisfaction is to be enhanced by customization, developers have the
potential to charge a price premium over the standard housings. However, how
much customers are willing to pay for CA and how much price premium a CA
developer can charge to the customer depends on numerous factors as indicated in
the graph. Like other mass customization systems, CA also requires customers to
be integrated into the value creation process. This breaks the traditional view of
real estate developers’ value chain which produces houses mainly based on the
forecasting.
Figure 1. CA Value Creation Model (Adapted from Piller et al., 2004)
As mentioned in CA challenges section, various additional manufacturing and
transaction costs are likely to occur in CA model, which may undermine
developer’s profit. However, CA developers can not only adopt several
principles, such as modularity, product family architecture etc, to counterbalance
the additional costs, but also gain economies of customer integration. Economies
of integration, which means cost saving potential stemming from the direct
interaction between customer and the firm, can be achieved in CA model:
 In CA, by decoupling order-taking activity and postponement of production
process, CA developers can have more certainty and save cost for
modification on houses due to misinformation.
 Integrating the customer into value creation enables CA developers to
access to more accurate knowledge of housing market dynamics and
increase the efficiency of forecasting and planning.
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 CA allows developers to establish customer intimacy through constant and
stable relationship with customers, thus cost for customer retention and
acquisition could be decreased.
Beyond standard products, the customer value proposition of CA is basically
comprised of layout flexibility, customized interior design and fitting-out and
better facility management service. According to the survey performed by E.
Hofman et al (2006), ‘floor plan’ and ‘interior finish’ are among the most
important dimensions of housing attributes. Layout flexibility is possibly the key
competitive advantage of CA over the traditional housing developers, since
customization truly adds value when it can match different physical dimensions.
Part of the profits gained in CA should be reinvested so as to keep the
relationship with the customers and to collect feedback from sales. Thus CA
developer can attain more knowledge about the customer and the market. In
addition to that, learning effect is especially important for those developers who
just start to put CA into practice.
Case Study
Due to the rapid growth of economy in the East Asia, urban population has
risen dramatically in the past few years. It is estimated that more than 15 billion
square meters of housing will be constructed to accommodate these new urban
dwellers. To meet this enormous market need, Homebuilder S (HBS hereafter),
one of the major developers in Mainland China, anticipates that ‘customization
housing’ will be a new direction in China residential market, through which
customers can find total satisfactory with their new home and to feel that the
home represents the best value for the money they pay. HBS applies the
customization concept in high-rise residential development by expanding the
range of customization items and providing flexible partitioning. That is basically
how this project (HBS CA project hereafter), which is based in Shanghai, comes
into being.
Customization Scope
Normally sales of a property project begin when reinforced concrete carcase is
finished, which means customization starts from this moment as well. Thus
customization scope excludes exterior walls. This is reasonable as developers
have to keep the aesthetic integrity of the building.
Current practice can guarantee construction productivity by working on a batch
basis, namely every three to five floors, simply because all the apartment designs
have been decided before construction begins. However, this is difficult to
achieve in CA, since the specification of a unit is not available until it is formally
sold to the customer and customer orders would come for different units
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irregularly. This may make it impractical and difficult to manage the on-site
subcontractors if contractors start deploying worker to some specific units for
work when there is only a small amount of work orders released. On the other
hand, being of capital intensive, project completion delay is fundamentally
undesirable. Thus compromise to customization extent has to be made so as to
meet construction productivity requirement and also not to delay project
completion. Therefore a stage-based planning for customization scope reduction
along the sales process is developed.
For example, at the very beginning of sales process, customers can enjoy the
greatest extent of customization. As the sales and construction proceed, the scope
of customization can be offered to decreases, as illustrated in Figure 2.
I II III IV
Kitchen & bathroom partition layout ? × × ×
Kitchen & bathroom wall and floor tiles ? × × ×
Bedroom & living room partition layout ? ? × ×
Kitchen cabinets and desktop ? ? × ×
Bathroom sanitary appliance ? ? × ×
Bathroom cabinets ? ? × ×
Wardrobe ? ? × ×
Internal doors ? ? × ×
Bedroom & living room floor finishing ? ? × ×
Paint color, wallpaper ? ? ? ×
Bathroom water tap ? ? ? ×
Kitchen electrical appliances ? ? ? ×
Air-conditioners ? ? ? ×
Figure 2. Extent of customization in different sale stages
ROI Analysis
In the approach, cash flows will only be included if they are assumed to be
different between SA (Standardized Apartment) and CA. A time frame of real
estate development process is used as a framework for cash flow identification, as
shown in Figure 3.
time
Sales StagesSales commencement or
RC carcase completion
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Figure 3. A financial perspective on CA impacts throughout project lifecycle
Above framework indicates that sales revenue is the only source of cash
inflow, if only benefits that are obviously quantifiable are considered. On the
other hand, the additional costs are also identified as exhaustive as possible but it
is not necessary to include all the minor ones.
Based on the above framework, a ROI calculation model can be derived as
depicted in the following graph.
Figure 4. ROI Calculation Model
ROI calculation model is straightforward according to the above figure, since
only the differences of cash flows are needed to be considered while cash flow
differences are no more than cost changes and revenue changes. However,
compared with SA, the following issues regarding this model are noteworthy.
Gross Floor Area Loss
To maximize the apartment layout flexibility, HBS decided to adopt thick flat
slab in the structure design in order to reduce the constraints of columns and
structured walls. By doing that, the thickness of each floor is increased by about
85mm so as to remove as many bearing walls as possible inside the apartment
units. However, the height of residential building in Shanghai is subject to the
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local building codes, which means certain regulations confine the height limits.
Thus the aggregation of each floor’s thickness increment results in the loss of
salable floors, which is defined as Gross Floor Area (GFA) loss in square meters.
Obviously, possibility of losing one floor when HBS adopt CA imposes a
negative impact on the revenue if compare CA with SA.
CA Price Premium
As elaborated in the previous section, the added value has to be created and
ultimately delivered to the customers, which means that CA developers may
charge a price premium over traditional standard apartments.
This is true for HBS CA project. According to the market survey conducted,
Table 1 summarizes the estimation of CA price premium for units with different
extent of customization in different market conditions. Please note that the
estimation was internally made in a conservative way.
Difficult Market Average Market Very Good Market
Full CA 3.0% 4.0% 5.0%
Partial CA 2.3% 3.0% 3.8%
Minimum CA 0.6% 0.8% 1.0%
No CA 0 0 0
Table 1. Estimation of Price Premium for HBS CA project
In line with the stage-based customization scope reduction planning, CA price
premium would decline when CA choices become fewer as sales proceed. While
CA price premium can depends on different market conditions as well. When the
market is prosperous, CA developers apparently have more market power on
pricing than that in a difficult market. Nevertheless, in-depth market research tells
that it is possible to achieve a premium of 4% or so for CA units with full range
of customization.
CA expedites sales
Compared with traditional model, CA shall expedite the sales process by better
catering for customer needs and creating positive demand shift. The business of
real estate development is by its nature of extremely capital intensive and
therefore highly leveraged. This means HBS, from enterprise perspective, can
financially benefit from CA if the sales could be expedited, since more efficient
capital usage is expected to be achieved in CA.
In this ROI calculation model, sales expedition factor is taken into account in
the simulation of sales rate in different market conditions respectively. But the
benefits resulting from CA on the enterprise level are not considered, which is in
fact difficult to quantify. Generally speaking, those benefits include faster
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investment turnover, strengthened customer intimacy, and better corporate and
brand image etc.
Results and implications
Based on the ROI calculation model and estimations, HBS CA project
provides potentials for additional profit margins in favorable market conditions,
while it can still have better profit albeit less so in an average market, and may
avoid additional loss in difficult market. Noting that learning gained in this CA
initiative has tremendous potential for applying in other projects. But its value is
of long term nature and is relatively difficult to be quantified. Thus is not
included in the ROI study.
In the above analysis, the sales revenue of CA has to offset not only an initial
investment, but also the GFA loss. If the GFA loss can be mitigated or
compensated for through early project planning, the marginal financial outcome
of CA will also become more favorable. Certainly GFA loss is an issue in this
specific case, and it may not be a problem in another CA project.
It is obvious that CA’s price premium over SA selling price does affect the
project’s profitability in a significant way too. When little effort can be made to
improve factors like GFA loss, cost drivers, HBS has to focus on how to improve
the price premium, which implies that how to provide better tailored products to
customers so as to deliver more added values is critical.
Conclusion
In this paper, customized apartment is firstly justified as a strategy that current
property developers should pay attention to. As a disruptive business stragegy to
the traditional business model, CA poses various challenges to developers in
many ways.
In CA, structure system design becomes a prominent challenge due to the
promise of layout flexibility. While new challenges in sales and marketing and
project management may also arise. All of these challenges potentially exterts
additional costs. However, added values can be created and delivered to enhance
customer satisfaction. Thereby developers can charge a price premium over the
standardized apartments.
However, given developers are often reluctant to deviate from traditional
business models, economic evaluation of CA becomes imperative. Based on the
economic analysis of HBS CA project, we can see that the nature of real estate
project requires the analysis to be on a basis of project. Specifically, results of
HBS CA project demonstrate that CA has potentials for additional profit margins
in favarouble market, while it may avoid additional losses in difficult marktets.
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Abstract
The scenario of construction industry is nowadays pushed to evolve due to different factors: first
of all the enhanced capabilities of parametric design which enables designers to anticipate
technological constraints, secondly the evolution of cnc machines and production devices which
allows new degrees of freedom in some types of component production. Those factors influences
the construction industry giving new tools to better respond to architecture contemporary
request of flexibility, unusual shapes, high performances, personalization of materials and
technologies. Digital fabrication - aiming at fastening and improve information transfer from
design to construction (file2factory) ? and mass customization ? a type of production flexible to
customer needs at a cost nearly equal to standard products ? can offer to the designer new
instrument to control architecture construction and introduce innovative procedures or
technologies. This paper, after analysing some recent case studies, most of them focused on
innovative building envelope components which seem to better take into account these new
challenges, gives some suggestions for taking advantage in architecture of the benefits of digital
fabrication and mass customization in building industry.
Key words: digital fabrication, mass customization, construction industry,
innovative technologies
0. Introduction
Today, the construction process becomes more and more global with a high
international competition and the industrial production is necessarily obliged to
reply to the requirements of architects in terms of flexibility and innovation.
On the one hand in fact, there is an exponential diffusion of industrialized
components, due to opening markets competitivity, the improvement of
performances and quality control, but also due to their capability of suiting
technological complexity and construction flexibility of many architectural
projects. A tendency near to the “technological push”, i.e. to the pressing of new
products and systems towards design, pushed by an industry which searches for
new markets investing in technology.
On the other hand, the exchange between these technological potentialities
expressed by the industry and the capacity by many representatives of the
contemporary architecture to interpret it in an innovative way is increasing.
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Complex shapes, unusual configurations and parametric design enhance the need
to solve with technical solutions free forms generated with softwares.
This tendency can be seen as a “need pull”, a research of satisfaction which
can generate profitable interferences with the technological push.
In reality, in fact, it is difficult to find models exclusively referred to one or the
other, but more often a wide range of hybrid solutions: the genesis of a technology
can be found in an intermediate position between the necessity to satisfy a need
and the availability of solutions for this need (Verganti, Calderini, 2005).
1. Digital fabrication and mass-customization
Digital fabrication and mass customization are there two possibilities coming
from industry to answer to the request of unusual architectural shapes, flexibility in
terms of products and building components, personalization of technologies and
materials.
Digital fabrication aims at rationalizing the transfer of informations from the
design phase to the productive phase, it is a process of assigning computational file
to be authentically manufactured. This can be either an actual scale fabrication or
an ideal prototype.
The diffusion of digital fabrication is connected to the change in information
technologies, that unable a more direct production from design drawings thanks to
parametric softwares, and in production modalities, nowadays realized by flexible
CNC machines. The evolution in cnc machines has been crucial in this process
allowing a degree of flexibility, speed and accuracy definitely new for the
construction industry (laser cuts, hydro-jet, five axes cnc machines… )(figg.1-2).
Fig. 1-2: Nesting cnc machines and Grasshopper software capabilities towards production
Mass customization on the other side in this context seem to respond to those
issues with a type of production flexible to customer needs at a cost nearly equal
to standard products. In particular, it is a production made of custom products but
on a large scale, with simplified processings and systems of light pre-fabrication.
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This new paradigm completely changes the perspective of professional practice,
integrating in the design phase skills to meet client and architects needs, thanks to
a very competent know-how and to lean production. (fig. 3-4)
Fig. 3-4: New mass customization process and the economic value of customization (Pine, 1993)
The reasons that have caused the present industrialization state in the
construction process, have not only been technical. The technological progress has
to be included in the wider context of the structural transformation suffered by the
construction sector since the beginning of the 1900 until now. In fact, the push to
the industrialization has involved, in addition to the merely technological and
industrial aspects, also those social-economical, scientific, cultural and ideological.
Nowadays, industrialization seems to catalyze again interest.  Construction
industry seem to proceed towards product development on two sides: for the
material part (the system), as for the immaterial part (the necessary knowledge for
its use), far from the dimensions of handicraft traditions as well as from the pure
industrial reproduction.
"(...) The alternative involves the design of just one component across many
different scales and building types. The component itself is obviously fundamental,
and the software that best implements its design is the more ‘primitive’ approach
that you privilege. When architectural debate reaches the stage where we look at
the nuances of these components, then, I think, we will have made considerable
progress." (Beaucè, Cache, 2007 )
In the construction industry this means merging a custom but craft-hand
approach to architecture, that has always been the most suitable but the most
expensive and time consuming, to a rigid industrialized approach, fast, light but
sometime unsuitable for particular architectural solutions.
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2. Case studies
Traditional forms of vertical buildings is radically changing in the last decades.
This is due to a renovated cultural context, new technological boundaries,
innovative digital tools and industrial building components. Those factors give a
new freedom to designer, who is spured to experiment more complex shapes,
using materials and construction systems according to completely unusual
methods.
Therefore contemporary architectural envolopes appear more complex not only
in their morphology but also in their constructive configurations, raising new
technological requirements. In order to meet those requirements construction
industry is very soon involved in the design process, in order to dialogue with
complex configuration and discretization of shapes at the very early stage. On
another side construction industry evolves very fast in knowledge, thus trying to
reach new markets in architecture.
Some projects finished in recent years have underlined an industrialized
approach to façade that goes beyond a traditional process and have araised
innovation.
Five examples will be analyzed with different technologies. The first one is Post
Tower in Bonn by Murphy and Jahn, with a steel extruded façade structure, the
second one is Coophimmelb(l)au BMW welt in Munich, with a steel file to factory
production, the third one is Gehry New York office building, with a cold curved
unit system façade, the forth one is Zaha Hadid Innsbruck station with double
curved glass envelope and the last one is a brick wall by Gramazio and Kholer for
the Gantenbein Winer realized with parametric softwares and digital fabrication
procedures.
The first example is Post Tower by Murphy and Jahn, a 160 meter high
building that stands at the edge of the city adjacent to the Rhein River. park. The
split, shifted oval tower is oriented to the Rhine and the city, facilitating views
from the city and minimizing negative wind effects through its aerodynamic shape.
In plan the split oval wedges are separated by a 7.40 m wide space. The
connecting glass floors at 9-story intervals form skygardens, which serve as
communication floors and elevator crossovers. (figg. 5-6)
The tower has a twin-shell facade, enabling natural ventilation, especially in the
spring and fall. The glass outer shell protects from rain, wind and noise and allows
for placement of the sunshades. Glass from floor to ceiling optimizes daylight.
The peculiarity of this project from industrialization in construction perspective
is the steel structure of the façade that has been designed and engineered in order
to face high speed wind pressure but a the meantime to have a light section of
brackets. It has been studied by Thyssen Krupp and Hoesch Bausysteme, two big
steel companies in Germany, a special geometry that could allow the external
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fixing of the glass façade, the possibility to open it for ventilation and a reduced
section of steel brackets.
This has been achieved by extruding steel bars in two pieces, one with a T shape
and the other one with a parenthesis shapes and fixing them together in a unique
profile for glass positioning.
Extrusion of steel has not been so easy at it needs stronger machines, higher
forces, and matrix gets used very fast due to hot temperatures. However this
technique applied to steel really allowed a 60 mm section profile for a floor high of
160 metres with strong structural performances.
Fig. 5-6: Murphy and Jahn, Post Tower Bonn, 2002. View of the cladding process and of the
extruded steel brackets.
Fig 7-8: Murphy and Jahn, Post Tower Bonn, 2002. View of the steed extruded profile that has
allowed a very thin section whilst garanteeing high structural performances.
The second  example of industrialization for building envelopes is the
Coophimmelb(l)au BMW welt for Monaco where the steel structure has been
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studied by consultants, cladding specialists and designers in order to optimize the
steel layout.
The sight of the building is especially distinguished by what is called the
“tornado”: a central cone composed by two cones connected at the top which
create a sculptural and moved roofing system, catalyzing the attention of visitors.
The roof shape suggests the idea of a cloud dominating the environment, which
creates a feeling of continous compression and decompression of spaces, due to
the different internal heigths. In addition, the roof is important for  the lighting and
the internal-external relation: it can indeed be considered a real source of light,
emphasized also by the extreme construction lightness.
This lightness is expressed by using curtain walls, also for the great entrance
hall, which are continouus, transparent and covering the complete heigth following
the course of the overhanging roof . Coophimmelb(l)au explains that the shape of
the tornado, symbol of this architecture, was conceived with an initial intuition and
transformed in a concrete form through the fusion of two aspects: first a model to
obtain a vision of the sculptural volume and then the study of the flexion moment
and structural verification of the two cones. Both phasis have been supported by
software, the model thanks to the software SpaceArm, a layer scanner 3D which is
able to convert the physical model into curves and surfaces Nurbs (Non-Uniform
Rational B-spline), the second one by means of the software 3D Rhino which
consents to verify the course of the solicitations on the structure (figg. 9-10).
The following step was to find the best surface solutions for the effective
realization of those shapes. The engineering of the complex form was made by
means of the software Catia, which enabled to reduce the quantity of used iron,
passing from a structure with primary and secondary beams to a structure with a
single lay-out, improving in this way the structure frames. The quantity of iron
used is in any case about 2.000 tons. The idea to connect the bearing carpentry to
the structure for the curtain walls, giving the structural task to the support beams,
was conceived during the engineering of the form, made by Gartner-Permasteelisa,
constructor of the work. The special details used in these cases foresee the use of
rectangular and square iron sections, to improve the structure and the materials, to
be added to the L and C profiles for the support of the glazing. In this project,
instead, the glazed part interfaces directly to steel by using supports in rubber
which consent also to settle the glazing with corners and tollerances out of
standards (figg. 11-12).
The main part of the structure is pre-assembled in workshop, in transportable
pieces, and despatched to the site located about 100 km from the workshop. The
bold challenge consists in the fact that the same metallic structures have also to
contain, in the hollow parts, the tubes for the heating and cooling water, the
sprinklers and all cables for the illumination, openings and automation systems: a
factor of further complexity for a metallic carpentry.
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In particular the steel structure has been completely produced by architectural
drawings with CNC machines, thanks to curtain wall supplier. This technology is
in any case mature for customization as it already employs industrial production
systems. This procedure has allowed a reduction of tollerance both in workshop
and on site. This innovative way of construction has been possible also thanks to
the final customer, BMW, that had the desire to express  technological edge
through architecture, without budget constraints.
Fig. 9-10. Coophimmelb(l)au Tornado, view of the parametric and structural model of the
‘tornado’ in prefabricated steel structure.
Fig. 11-12. Coophimmelb(l)au Tornado, view of the prefabricated steel structure on site
The IAC building of Gehry Associates is a glass office located on two side
streets in New York City, giving the building’s main facade a smooth, uniform
appearance. Horizontal, fritted white bands line the windows, a decorative element
meant to control the flow of light inside.
The interest of this project consist on the unitized systems façade studied in
order to maintain always a flat geometry, while at the same time having the
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possibility to ‘twist’  in a position that allows reaching a curved shape of the hole
building. Based on a  parametric unit principle all the unit are similar but different
in order to utilise cell geometry database and  similar system design to configure
the building shape. (figg. 13-14)
Directly exctracted from a file design in a parametric software called Catia,
quite complex but very complete, curtain wall cells have their own dimension and
an exact location in the building envelope structure.
In order to build this envelope with a ‘curved’ surface while keeping flat unit
system façade, each cell has the possibility to ‘twist’ inside a certain range in order
to keep into the correct position. This operation has been first modelled in
softwares and then tested on site in order to verify the tolerances and the materials
flexibility. On site a manual pressure has been put on the transom in order to fit in
its final position and glass at the end of the site operations has the possibility to be
shaped for more than two centimeters. (figg. 15-16).
This is undoubebly a strong evolution in building envelopes technology,
because this technology starts from a unitized technology and tries to push the
boundary of materials limits.
Fig. 13-14. IAC building in New York by Gehry Associates, 2007. View of the parametric cell
design and the mock up test.
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Fig. 15-16. IAC building in New York by Gehry Associates, 2007. Structure installation and
envelope installation.
Zaha Hadid Innsbruck stations is probably the most complex case study, from
different points of view. Those stations have been completely designed by the
architect in Rhino and then produced thank to a file to factory production systems.
The envelopes is a double curved surface, with glass panes, joined to the
structure thank to a simple steel and epdm joints.
The moulded, double-curved shapes may suggest that they are made of
fibreglass, but the material used for these canopies is far more brittle and
unforgiving: it is pure glass. This gives the canopies a polished, lustrous finish, just
like ice. Toughened glass also has the practical benefit of being durable and
resistant to knocks from falling rocks or trees.
Not surprisingly, the design pushed advanced glass technology to its limits. In
construction method, the canopies really do resemble aircraft wings, as the skin
has been wrapped all around parallel steel ribs spaced at 1.25m intervals. The big
difference is that glass could not simply be riveted to the steel ribs to assume its
double-curved shape.
Instead, it had to be made up of a series of rigid panels, all fabricated to the
same 1.25m dimensions as the spacing of the ribs. Far more tricky than that, each
glass panel had to be moulded precisely to its final double-curved shape, while
softened by heat at the glassworks. A total of 850 glass panels were used to cover
all four stations, and each panel was unique in its sculptural form. Some of the
panels even come with a continuous recess or trough, with a radius as tight as
60mm, to serve as a rainwater gutter sunk into the canopy’s top surface and
leading to a conventional downpipe concealed inside.
The glass technology was developed by structural engineer Bollinger &
Grohmann, of Frankfurt and Vienna, and manufacturer Pagitz Metalltechnik, of
Klagenfurt, although the panels were actually made in China using computer-
numerical-controlled (CNC) machines linked directly to the design team’s CAD
system in Europe (figg. 17-18).
The basic material of the manufacturing process was a series of flat panes of
12mm thick glass. Moulds were made out of steel rods contoured to the precise
double-curved shape of each panel. Then an 8mm thick glass pane was made
pliable with heat and laid over the countoured bed as an underlayer to mooth out
bumps and imperfections.
After that the final pane was laid over the underlayer. Next, a 1.5mm thick layer
of white polyurethane resin was laminated to the underside of the panel to hold the
glass together in case it shattered and give it a strong white appearance. All the
panels were prefabricated to a tolerance of ±3mm and after manufacture, their
precise shape and dimensions were checked by a 3D digital scanner
The assembly method on site was at least as ingenious and even more
complicated. Hadid wanted the curved outer surface of the canopies to be
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streamlined across all the panels, uninterrupted by gaps, steps or bolt-heads. A
secret fixing system was devised in which stainless-steel cleats were bonded with
adhesive to each panel so that they that would project slightly from the edges.(fig.
19). At the same time, a 93mm-thick strip of polyethylene that had been pre-
formed by CNC to the precise curvature of each panel, was bolted around the
outer edge of each steel rib. When each panel was offered up to its final position
on-site, its projecting steel cleats were screwed into polymer buffer. Finally, the
25mm gaps between the panels were filled with black silicone that neatly concealed
the cleats and screwheads.
A final consideration has be made on the final results that somewhere shows the
criticism of experimental technologies. In this case the thin joins sometime become
wide silicon joints not always as previewed in the design phase. (fig. 20)
Fig. 17-18. Zaha Hadid Innsbruck stations. View of one of the station on site and of the modelling
of the complex envelope.
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Figg. 19-20. Zaha Hadid Innsbruck stations. View of one of the station on site and of the
modelling of the complex envelope.
Fig. 21 (right) Experimental technologies still shows some criticism on site: in this case some
joints became very large to close with silicone due to increasing tolerances.
The last case is the Gramazio and Kholer Gantenbein Winery, 2006, which
is a brick wall that has been completely designed with parametric software and
then digitally fabricated.
The robotic production method has been developed at the ETH, and enabled
the designers to lay each one of the 20,000 bricks precisely according to
programmed parameters— at the desired angle and at the exact prescribed
intervals. This allowed to design and construct each wall to posses the desired light
and air permeability, while creating a pattern that covers the entire building
façades. According to the angle at which they are set, the individual bricks each
reflect light differently and thus take on different degrees of lightness. Similarly to
pixels on a computer screen they add up to a distinctive image and thus
communicate the identity of the vineyard. In contrast to a two-dimensional screen,
however, there is a dramatic play between plasticity, depth and colour, dependent
on the viewer’s position and the angle of the sun.
This case study is interesting as it fosters the possibility to innovate also with
traditional materials like bricks.
Fig. 22-23. Gramazio e Kholer, Gantebein digital fabricated brick wall.
Future challenges
Some opportunities and weaknesses of the employement of industrial digital
technologies and mass customization processes for buildings can be underlined.
The first opportunity refers to the innovation produced by new materials and
technologies. They can be tailored to meet specific needs: not only their
appearance but also their functionality can be modified by creating new
configurations or a combination of the already existing ones.
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A second opportunity refers to the increasing mathematical definition of
surfaces, which can facilitate the accuracy of calibration between conceptual phase
and detailed design phase for construction. This relation is guaranteed by the
increasing use of parametric softwares, which can work with a 3d model and
manage  cam and cnc applications.
Another aspect to refer to is the reduction of construction timing, which can
improve construction modalities. This is possible thanks to a planning and a
coordination of the site operations by means of new procedures and equipments.
For example, the topographic erection system Surveying 3D (through total stations
and theodolites), usually employed in the mechanics or aerospace fields, allows to
draw a cloud of points from a 3D drawing which corresponds to precise
coordinates in the space.
A firs weakness consists in the very different processes of specialist aggregation
involved in each projects, that doesn’t allow a specific record of experiences and
methods. Each architecture is different and someway unique, that means that an
implementation of knowledge at a wider level is quite difficult.
Another weakness is the special destination of those buildings that have unusual
rules and high representative value, thus been far from diffused industrialization
knowledge.
However construction industry is more and more aware of the strategic
importance of technology in the economic competition: acquiring outdoor
products and services, adapting technologies, choosing partners able to manage at
their best their know how and using mass customization processes seems the way
to improve quality while maintaining an edge cut knowledge. This means that
innovative technologies developed in a specific context will be easily implemented
in different projects, as they have been incorporated in the production processes.
In conclusion, all the case studies examined revealed a strong cooperation with
construction industry, encouraging a different profile of designer which has to
combine specific knowledge with a cultural vision of architecture. The designer
needs therefore to be constantly updated, to acquire new competences and
knowledge of new instruments and technologies, to liaise with the industry and
with those specialists able to introduce innovation through technology.
 “Integrating computer-aided design with computer-aided fabrication and
construction [...] fundamentally redefines the relationship between designing and
producing. It eliminates many geometric constraints imposed by traditional
drawing and production processes— making complex curved shapes much easier
to handle, for example, and reducing dependence on standard, mass-produced
components. [...]. It bridges the gap between designing and producing that opened
up when designers began to make drawings.” (Mitchell, McCullough, 1995).
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Abstract.This is an exploratory study of the online gay market for same-sex suits/special 
occasion wear to assess potential for the SERVIVE1 3-year research project for SMEs 
wishing to leverage their business through the application of new technology in mass-
customisation new markets.  The main objective is to test the notion of a ‘gay aesthetic’ 
product/web design experience to assess if this may be used in cross-over fashion sites. 
The  second  objective  is  to  identify  the  importance  of  co-design  and  style  advice  in 
increasing consumer confidence to purchase apparel options. This is achieved through a 
theoretical review and a small qualitative study of in-depth interviews with gay fashion 
industry  experts.  The  storyboard  web-pages  were  created  from  the  original  online 
surveys,  observations  and interviews with  a  sample of  gay/heterosexual  market.  The 
results  from  a  small  sample  of  experts  show  an  indication  of  some  differences  in 
preference,  attitude  and  behaviour  from  the  heterosexual  market  but  no  identifiable 
‘indicators’ of difference that would deter the incorporation of these style configurations 
into an existing fashion website with ‘cross-over appeals’. The practical implications are 
an insight into the potential of the gay market, their taste, lifestyle and attitudes to online 
consumption with relevance to mass-customisation and web-design. 
Key words. ‘Cross-over appeals’, Gay aesthetics, The Invisibles; The Professionals
1
 SERVIVE is an acronym for SERVice Orientated Intelligent Value Adding nEtwork for Clothing SMEs 
embarking in Mass-Customisation. The project is looking principally at business attire, older women and 
larger sizes but the gay market appears to be a ‘dream market’ that should also be investigated.
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As  online  consumption  becomes  more  sophisticated  and  widespread,  website 
designers and marketers need to fully understand the experiential requirements of 
different demographic groups and gender behaviour. Gloria Moss (2008) writes 
on the consumption differences and preferences of website designs identified by 
gender. As websites are predominately designed by men and as each sex prefers 
designs  created  by  their  own  gender,  there  is  a  clear  implication  of  missed 
opportunities for increased sales. 
Recently the government answered the statistical question which has interested 
marketers for some time ‘How many gay people are resident in the UK?’ 3.6 
million (6%) of the population are gay or lesbian, making the ratio 1 in 16.66 
people  in  the  UK  who  are  openly  gay  (www.gaylinkcontent 2009).  The  gay 
market also have more disposable income (Double Income – No Kids = DINK) as 
generally they are described as having an above-average education and income, 
enabling  them to  spend more  on  hedonistic  lifestyle  pursuits  (www.economy-
point.org 2009). 
The other key factor is that gay men put more emphasis on style, colour, fit and 
quality  than  their  heterosexual  counterparts.  These  factors  combined  with  the 
recent  legalisation  of  gay  civil  ceremonies  means  there  are  ripe  niche  market 
opportunities to be exploited in the sales of formal suiting. 
There is an acknowledged missed fashion market opportunity, because of the 
general lack of empirical research into the ‘gay aesthetic’  and the experiential 
online shopping preferences of both gay and lesbian consumers. This paper is an 
exploratory pre-study and a major study will more fully address these issues and 
consider the following hypotheses at a later stage: 
H0: There are no identifiable ‘indicators of a ‘gay aesthetic’ for suiting, special 
occasion wear and online design. 
H1:  There  are  identifiable  ‘indicators’  of  ‘gay  aesthetic’  styles  for  suiting, 
special occasion wear and online design.
H2: If there are confirmed identifiable gay aesthetic ‘indicators’ they can be 
created as viable configurations of ‘cross-over’ designs online.
Stage 1 of the research study which has already been completed was conducted 
as online observations and surveys of fashion sites offering experiential services. 
The best practice examples were tested with 25 in-depth interviews carried out 
with members of the gay and lesbian community. Stage 2 which has also been 
completed analysed the ‘gay aesthetic’ online experience, mostly through blogs, 
social-community sites and magazines. 
From the study of gay lifestyle, a group of 3 designers (2 heterosexuals and a 
lesbian) conceptualised and visualised 15 web-pages. These were based on Oscar 
Wilde’s ‘green carnation’ circle of friends and acquaintances all of whom came 
from theatrical and artistic backgrounds. This group were not overtly gay in their 
dress as homosexuality was illegal and exposure could, as in Wilde’s case, lead to 
ruin.  
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Stage 3: Is the main focus of this paper and tests the gay aesthetics, co-design 
and style advice visualisation by using semi-structured interviews. The aesthetic 
web page designs are considered to have gay sensitivity while also having ‘cross-
over  appeals’  that  can  be  described  as  contemporary  design  with ‘mostly 
illustrations/pictures’ and ‘Classical aesthetics. 
The  importance  and  relevance  of  these  concepts  are  discussed  later  in  the 
paper. The discussion commences with a contextualisation of gay lifestyles and 
consumption  patterns,  online  web aesthetic  studies  and  there  interrelationship. 
This discourse is analysed in parallel with the empirical research to determine if 
the  configurations  of  design  options,  co-design  and  style  advice  could  be 
accommodated  in  a  mainstream  fashion  site.  The  research  design  and 
methodological approach is set out with content analysis of the interviews.
1: Civil partnerships and fashioning gay weddings
According to Mintel (May 2001, p 6) there is a higher proportion of homosexuals 
among the AB social  grades which is a clear  indicator of a higher disposable 
income in gay communities. The UK legal status recognition of same-sex partners 
is echoed in other European countries including Denmark, France, Hungary, the 
Netherlands,  Norway and Sweden creating an expanding market  for  same sex 
wedding fashion industries. In the UK the government predict between 11,000-
22,000  gay  and  lesbian  civil  partnerships  by  2010  (Mintel  quoting  Daily 
Telegraph). It is therefore no surprise that  stores such as ‘BY’ are specialising in 
‘sophisticated  glamour…custom-made  wedding  outfits…Trousers,  shirts  or 
jackets can be mixed and matched from in-store collections and personalised with 
linings adorned with initials, poems etc.’ The store is located in Barcelona’s gay 
district,  but  online  fashion  companies  could  now target  LGBT (Lesbian,  gay, 
bisexual, transgender) consumers,  as well as mainstream market sectors, as this 
sector is designated  as a ‘dream market’ (Penaloza; 1996) that remains buoyant 
even  in  a  down-turned  global  economy.  For  many  same-sex  weddings  are 
‘considered an excuse to splash the cash and create a unique day’ (Mintel; 2007). 
1.1: The Historiography of menswear or a Gay revolution?
Cole (2009) writes that the social and legal environment in both the USA and UK 
up to the 1960’s meant that many gay men did not have an overtly gay identity 
through  their  dress  choices.  However  during  the  menswear  revolution  of  the 
1960s the negative association of an interest in fashion and homosexuality began 
to diminish, with the rise in subcultural fashions sold by new menswear boutiques. 
This made it acceptable for young men to once again be interested in fashion and 
spend time and money on clothes and their appearance (p 391). But many of these 
subcultural  fashions  developed  originally  from  a  gay  style.  For  example 
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contemporary styled suits and jackets were initially sold to a gay, "theatrical and 
artistic" clientele by Bill Green from the shop Vince near Carnaby Street. John 
Stephen, known as the ‘King of Carnaby Street,’ worked at this shop and with the 
Beatles  tailor  Dougie  Millings.  John  managed  to  produce  these  styles  faster, 
cheaper, and for a younger male market. (De La Haye, 1999; p 146 and Gorman, 
2001; pp 35) 
In the USA this close fitting "European style" (as it was known) was worn 
primarily by gays and also sold from boutiques in Greenwich Village. With the 
demands for equality and recognition, gay men began to address their appearance. 
There had always been gay men who dressed in a conventionally masculine style, 
but in the 1970’s ultra-masculine styles became prevalent.  Such styles had the 
new-tribal  name  of  ‘Clones’  as  they  were  extremely  tight-fitting  copies  of 
heterosexual styles. (Cole p 393) Wilson writes how this almost uniform styles of 
dress had a number of advantages the most important being ‘The look would not 
offend at work for most colleagues would miss the significance’ (2003; p 202). 
The advantage of this style should be noted by mass-customisation marketers.
1.2: Gay communities, tribes and the heterosexual style adopters
The limited number of gay market studies that exist were conducted in the USA, 
Canada and the UK but the common factor is that they clearly identify that gay 
and lesbian consumers are not a homogenous market but clearly belong to sub-
sects and tribes that affect their behaviour and attitude to their choice of fashion 
apparel  and  lifestyle  (Cole,  2000;  Schofield  &  Schmidt;  2005;  Sha,  Aung, 
Londerville & Raiston; 2007; Haslop, Hill & Schmidt; 1998). This makes it more 
of a challenge to identify a gay aesthetic. 
Schofield et al (2005; pp 2 & 8) conducted an in-depth exploration of a small 
sample group that belonged to three major tribal typologies ‘Drags’;  ‘Invisibles’ 
and ‘Aesthetes’ based on Coles original text (2000). From the descriptors the key 
tribe with most relevance to this study is the ‘Invisibles’ as they adopt masculine 
dress, follow male fashion trends and take immense pride in their appearance, 
while maximising their immersion into ‘straight’ society; making them ideal for 
the ‘made-to-fit’ suit with co-design options. The group known as the ‘Aesthetes’ 
include  ‘Effeminates,  Camp and  New Edwardians’ also  known in  the  UK as 
‘Teddy  Boys’.  They  are  described  as  wearing  masculine  dress  with  overtly 
feminine, tight and fitted style. They socialise in both gay and mainstream trendy 
arenas. This tribe may also be relevant to this study. 
The  other  key  factors  emerging  from  these  studies  are  that  in  the  main 
homosexual men place more importance on their appearance and prefer to pay for 
garment quality, than their counterpart heterosexuals. However the group of gay 
‘Professionals’ (which has equivalence to the ‘Invisible’ tribe) did not perceive 
themselves  as  leading-edge  fashion  conscious  consumers  and  presented 
themselves somewhat more towards the conservative style end. (Sha et al; 2007, 
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pp 456) Sha (p 457) quotes Rudd (1996 p 126) on the use of biased stereotype 
profiles  of  gay  consumer  groups,  stating  this  could  erect  barriers  and  that 
marketing practitioners should clearly delineate subcultures in order to design The 
products  and  services  to  satisfy  requirements.  Therefore,  the  heterosexual 
homogeneous notion of the gay stereotype all being fashion innovators and very 
interested in fashion trends does not hold for all members of the gay community. 
Designers and marketers should therefore adhere to addressing tribes and sub-
groups when developing products and services for this niche market.  This has 
implications that fit well with the flexibility that can be offered through co-design 
and mass-customisation of special occasion apparel. 
The SERVIVE Report D1.1 on Target Group definitions (p 9) discusses the 
main  criteria  driving  product  design  apart  from  body-shape  as  lifestyle 
segmentation.  The  market  descriptors  used  ‘Conservative’,  ‘Traditional’ and 
‘Modern’ which  can  easily  be  expanded  to  include  the  ‘Invisibles’ and 
‘Professional’ tribe  and  the  ‘Aesthetes’ under  existing  heterosexual  life-style 
segmentation.   The  ‘Fit’  preferences  will  also  be  generally  aligned  with  the 
lifestyle  tribes.  For  example  the  research  shows  ‘Aesthetes’ preferences  for 
fitted/very fitted and the ‘Invisibles’ for semi-fitted more traditional cuts. 
More research is needed to segment the contemporary lesbian market but the 
basic  categories  are  ‘Butch’ and  ‘Femme.’ Lesbians  have  often  adopted  the 
clothing of the opposite gender. The late nineteenth and early twentieth centuries, 
saw the  adoption  of  male  dress  as  a  means  for  women,  feminists  and  many 
lesbians,  to  protest  the  status  of  women and the  roles  assigned  to  women in 
patriarchal societies. (http://www.glbtq.com/arts/fashion 2009 & Wilson; 2003 pp 
240-2)   For the stereotypical butch lesbian this would include masculine styled, 
well-cut suits, shirts and ties making this a good market segment to promote mass-
customised apparel both online and in the retail environment.
What is clear from the discussion of the evolution of subculture and gay styles 
is ‘At both ends of the fashion’s spectrum, couture and subcultural style, there is 
space for experimentation’ (Arnold, 2001; p 109) and this experimentation can 
now be fulfilled by the consumer co-designing with the fashion company. 
Since  the  women's  and  gay  rights  movements  of  the  1960-70’s  led  to  a 
questioning  of  the  stereotyped  masculine  and  feminine  fashion  ‘Androgyny’ 
became a key word and this manifested itself  in variety of ways. Initially, the 
move was towards a more feminine look for men, but the radical lesbian and gay 
community rejected this in favour of a more masculine look for both genders. 
(http://www.glbtq.com/arts/fashion ‘Androgyny’ or ‘Unisex’ styles as it was also 
referred  to,  were  epitomised  in  the  extreme  manifestation  of  the  Gucci 
autumn/winter 1996/7 collection of suits modelled by a male and female looking 
like identical  twins.  (Arnold;  2001,  pp118-119)  Arnold  considered that  at  this 
time of economic downturn designers used the unisex diffusion range as a means 
of staying afloat (p 120); this parallels with many fashion companies in 2009, 
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especially SME’s, who could adopt ‘same-sex’ or ‘’unisex’ styles for the mass 
customisation market. There are dual advantages with consumers offered added 
value  through  co-design  of  individualised  style  configurations  and  companies 
gaining  economic  leverage  as  apart  from  size,  colour,  finishes  and  style 
preferences  this  can  be  co-created  from a  basic  tailored  suit.  The  author  has 
created  a  matrix  (Table  1)  to  show  how  the  LBGT/Heterosexual  segmented 
market  can  dovetail  as  ‘Fashion  has  been  growing  more  playful  in  its 
appropriation of references to gay culture since the 1980’s’ (Arnold; 2001, p 107) 
making this fusion more readily acceptable to a mainstream market.
 
Table 1.  Map of gay and heterosexual styles by demographic market descriptors 
(based on SERVIVE Report pp 13-14)
Higher Middle Lower Aesthetes Invisibles Femme Butch
Heterosexual 
Men/Women
* LGBT’s
Traditional * * * * Traditional
Established * * * Established
Intellectual * * * Intellectual
Modern 
Mainstream
* * * * Modern 
Mainstream
Consumer 
Materialistic
* Consumer 
Materialistic
Sensation 
Orientated
* * * * Sensation 
Orientated
Modern 
Performing
* * * * * Modern 
Performing
Androgyny 
Style 
Orientated
* * * * * Androgyny 
Style 
Orientated
1.3: Gay online communities
In order to identify how to communicate and promote this fashion service with 
these tribes or niche market sectors more consideration of their  behaviour and 
attitudes  is  required.   Mintel  (2007;  p  2)  report  that  the  biggest  differences 
between straight and LGBT’s are that they are more likely to use the internet 
frequently. Approximately 75% of LBGTs spend 8+ hours online per week. For 
those not living in gay communities the internet is their community and can be 
effectively targeted by marketers. LGBTs are more social and when online are 
heavy users of social networking sites such as Friendster and MySpace. They are 
also more likely to read blogs regularly and personal blogs are especially popular. 
This knowledge could be used as part of the gateway to online fashion companies 
for communication, promotion and as a perceived added consumer value, which 
can sustain brand loyalty. 
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Feeling part  of a real service ‘community’ is one of the subcultural (tribal) 
values  cited by Haslop et  al  (1998;  p  322)  and can be paralleled with online 
fashion  services.  The  other  values  cited  ‘self-expression’,  ‘individualism, 
‘freedom’  and  ‘diversity’  can  be  considered  components  offered  by  a  well 
executed co-design fashion site. The study quotes Gabriel and Lang (1995, p 48) 
on how ‘aesthetic aspects of the service environment, can be seen as a wider trend 
for  the  consumption of  imagery,  and portrayal  of  personal  values through the 
consumption of goods.’ For example the fact that ‘Hedonism’ should be applied 
to the quality of the product, service and website design. The value of ‘hedonism’ 
indicates that the environment should be colourful and exciting. This underpins 
the  last  decade’s  research  and  application  into  experiential  and  emotional 
branding in the retail  environment;  a number of academic papers having been 
published with an increasingly theoretical interest in the concept of shopping as a 
leisure pursuit. 
Many  case  studies  have  focused  on  the  creation  of  an  experiential  and 
entertainment oriented retail environment that enables the marketer to build strong 
brand  relationships  with  the  consumer.  (Schmitt,  1999;  Wolf,  1999;  Pine  & 
Gilmore; 1999 and Ross & Kent, 2004) Retailers have delved into the realms of 
fantasy through shop interior design and visual merchandising but this has been 
extended  and  matched  by  web  designers  with  the  online  brand  experience, 
conceptualized  as  the  convergence  between  the  ‘bricks  and  mortar’  and  the 
internet based shopping experience.  This also underwrites the ‘External expert 
view’ in the SERVIVE Report D1.1. (pp 10-11) ‘Consumers shopping online for 
customised clothing are as inherently active and creative online.’ Experts think 
they  ‘primarily  wish  to  express  themselves  through design  or  style,  are  tech-
savvy, better educated and involved in blogs and/or communities.’ 
1.4: Towards a Gay aesthetic?
In order to assess if there is a gay aesthetic and whether this could be applied to 
the mainstream heterosexual market, it is also relevant to discuss studies of web 
aesthetics. Mahlke (2008) describes the findings of emotional user responses to 
non-instrumental qualities such as aesthetics and symbolic aspects of websites. 
Mahlke used the established measurement of two aesthetic typologies (Lavie and 
Tractinsky, 2004)  ‘Classical aesthetics,’ which relates to notions of order and 
clear design and ‘Expressive aesthetics,’ the binary opposite is the ability to be 
creative, original and break design conventions. The study took an American and 
European sample group to identify any cultural bias and tested both  ‘classical’ 
and  ‘expressive’ aesthetics  against  perceived  usability  satisfaction  by  using 
bipolar  opposites  recorded as  high  or  low on the  scale.  The analysis  of  both 
studies  showed  that  ‘the  system  of  high  usability  and  appealing  design  was 
experienced  as  most  satisfying…’  (Mahlke,  2008;  pp  3-4)   This  clearly 
emphasises the factor that good design aesthetics are key to the perception of 
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online  customer  satisfaction,  although  it  may  be  important  to  understand  if 
‘classical’ or ‘expressive’ design is preferred for the target group.
Schenkman and Jonsson (2000, p 367) discuss the reasons for not sticking to 
the site as being either technical (slow loading) or that the first home page gives a 
negative impression to the user.  He states that the home page is an important part 
of the company’s image and ‘the appreciation of ‘beauty’ is seen as hard-wired 
into our  genetic  set-up and the aesthetic  feeling fulfils  an adaptive,  biological 
function.’ (p 368)  What is culturally and ideologically subjective is the notion of 
‘beauty’ but the way to define this is through the understanding of the general 
appreciation of symmetry. The dimensions most cited as having aesthetic values 
were ‘beauty’=symmetry and the use of ‘mostly illustrations/pictures’ over text 
all giving a good overview impression. 
The response from a small study conducted by Ross and Ranchhod (2006) of 
online lingerie companies affirmed that the aesthetics, functionality, product range 
and entertainment values were all considered of equal importance by the users 
tested. Aesthetics, product choice, style advice and entertainment values all form 
the basis of this research enquiry. 
An interesting and timely recent study on sexual orientation and gender effects 
of  exposure  to  gay  and  lesbian  fashion  advertisements  (Dotson  et  al,  2009) 
showed  that  if  ‘crossover  appeals’  are  to  target  both  gays  and  straights, 
ambiguous subtle approaches would be most appropriate. Additionally lesbian and 
homosexual  audiences/users  respond most  positively  to  fashion advertisements 
with gay male characters than to lesbian as they are educated in reading the codes. 
These  results  are  posited as  being ‘due to  their  greater  identification with the 
androgynous  male characters in  ‘cross-over’ advertisements. (Ibid, 2009) This 
notion of the acceptability of gay imagery and styles being used in advertising for 
‘crossover’ audiences is supported by Mort, Edwards and Nixon (1996, 1997 and 
1996).
2: Research design and methodological approach
This exploratory study uses qualitative data  gathering techniques with a small 
convenience sample. The semi-structured discussion focuses on key concepts or 
words identified in bold in the literature such as ‘Invisibles’,  ‘Professionals’ & 
‘Aesthetes’ in order to identify the relevant gay tribal groups most fitting to this 
study.  A limited  number  of  empirical  interviews  were  carried  out  to  test  the 
hypothesis and ‘get important practitioner or consumer perspectives on the topic’ 
(Hackley pp 37-38). The exploratory study requires qualitative data rather than 
statistical  material  as  the  research  idiom  is  ‘Emotionalism’  which  allows  for 
subjectivity in the interview material, this fits with the preferences of qualitative 
researchers ‘understood simply as the analysis of words and images rather than 
numbers.’ (Silverman, 2001; pp 38-39) 
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Although hypothesis testing can be viewed as a natural science model, these 
hypothesises have been formulated from stage 1 & 2 of the research observations 
and therefore fit more under inductive hypothesis-generating qualitative research. 
(Ibid p 38)
The  semi-structured  interviews  took  the  form  of  audio-recordings  of 
approximately 1 hour’s duration. ‘Content analysis’ was selected as it can be used 
for  text  or  image  analysis,  this  was  considered  a  suitable  way  of  presenting 
evidence from the interviews and web-design material. Silverman (2003) states 
‘content analysis’ is a favoured method in which a set of categories is established 
and the number of instances that fall into each designation are counted. 
The size of a qualitative sample was decided on the grounds of pragmatism, 
representativeness and quality of insights generated. (Hackley 2003) Pragmatism 
in this case includes the fact that this initial research had to be completed for a set 
conference deadline, although further research will be continued after this date. 
This tight time scale also precluded the obtaining of lesbian respondents by more 
conventional means of recruitment, which were rejected on ethical grounds for a 
sensitive  topic.  The  online  gay  community  site  advertisements  used  were  not 
fruitful in the timescale.  However, two informal conversations with lesbians did 
support the overall interest in the niche market for the ‘butch’ segment. 
The research design was based on the literature in terms of the identification of 
the key concepts/words identified in bold, in order to test the theory as well as the 
preset hypotheses. The section of the questionnaire on the website concepts was 
scored from 1-10 on a scale with 1 being ‘liked the most’ and 10 ‘not liked at all.’ 
This scoring is used in conjunction with the 9 website concept pages that were 
shown to each respondent in the same order. 
Phenomenological research examines ‘what is felt, thought and perceived’ by 
gathering  rich  personal  descriptions  of  what  is  presented  to  the  respondents 
(Hackley 2003; p 114) online consumption can be considered fun and experiential 
as  Holbrook  and  Hirchman  (1982  quoted  in  Hackley,  p  115)  consider 
consumption is not just about rational but also emotional needs. 
The respondents were selected for the specialist experience and knowledge, as 
well  as  their  sexual  orientation.  The  age  range  broadly  follows  that  of  the 
optimum SERVIVE 25-50  year  old  target  market.  Respondent  1:  is  a  fellow 
fashion writer and curator specialising in Gay and subcultural fashions. Age 42 
Respondent  2:  Is  a  Course  Director  of  a  Masters  program in  Fashion  Design 
Technology,  as  well  as  running  a  successful  special  occasion  women’s  wear 
company. Age 38 Respondent 3: Is designer/artist and Research Fellow Age 47. 
Respondent 4: Is a Fashion Design Technology graduate with retail experience of 
the menswear and ladies-wear middle-market, while also designing and making 
limited  collections  Age  25.  Respondent  5:  Is  a  Masters  graduate  and  fashion 
journalist student working on launching an online gay fashion magazine Age 25. 
It  is  important  to  note  that  the  respondents  are  fashion  experts  who  do  not 
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generally  require  Style  Advice  as  they  give  it  professionally.  Despite  several 
advertisements being circulated for self selecting interested-lesbian respondents 
none could be arranged in the time. 
3: Discussion: purchasing behaviour & attitudes
All respondents were sexually ‘out’ in all contexts – family; friends and work, but 
this clearly is not the case for all gay consumers. New suits were purchased twice 
a year by four respondents and once a year by another. However, jackets were 
more frequently purchased as often as “2-3 times a season” to “Twice a year” and 
respondents stated they bought suits/jackets for a variety of contexts ranging from 
‘Formal wear, Special Occasions to work.”  
The price bands were: £4000+; £2000-3000; £1,000; up to £500 and up to £300 
– the two 25 year old respondents selected up to £500; the 38 year old respondent 
stated  he  spent  between  £500-£1000;  The  oldest  respondent  @  47  spent  the 
highest on a suit between £1,000-2000. This is an indicator of the values put on a 
quality purchase and this respondent actually talked in terms of “An investment – 
sustainable, vintage value” of buying a good suit. However although age appears 
to also be an indicator of the amount spent in line with career status and income, 
the personal valuation is a  factor as the 32 year old only spent up to £300. 
The incomes for the older respondents were as expected in the higher brackets 
the  top  being  £50,000-£80,000  followed  by  £50,000;  £30,000-50,000  and  the 
younger two respondents who were just starting out in their careers on ‘Under 
£20,000.’ This confirms in the case of these respondents that the gay market have 
more disposable income and an above-average education and income, enabling 
them to spend more on hedonistic lifestyle pursuits. All the respondents put high 
values on quality, style and used high end brands as an indicator of these values. 
The same brands were cited as iconic gay fashion brands by all five respondents: 
Dior,  Gucci,  D&G,  CK,  JPG,  Vivian  Westwood,  Prada  and  Diesel,  as  one 
respondent commented “All with an overtly masculine portrayal in advertising”. 
It should be noted that these brands are mainstream and the interviewees all stated 
that gay symbols of any kind were not liked or considered too obvious for online 
shopping. Therefore the subtle  ‘crossover appeals’  of the gay aesthetics is an 
important indicator for this study.
Online usage: All five respondents used the internet ‘every day’ varying times 
from “10 hours” to “1 hour” but still putting all in the heavy user bracket. Four 
out  of  the  five  respondents  also  affirmed  they  used  Gay  community  sites, 
magazines  and  companies,  indicating  agreement  with  the  Mintel  (2009;  p  2) 
report  that  the  LGBT’s  are   more  likely  to  use  the  internet  frequently  and 
approximately 75% of LBGTs spend 8+ hours online per week. However none of 
the respondents would purchase clothes from a gay fashion site just on principal it 
was all about the brands, quality, style and fit preferences.  
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4: Identifying tribes, Co-design & Style advice
The  response  to  style  advice  being  useful  for  this  group  of  fashion  industry 
experts was mostly negative BUT they could see it would be useful for the less 
informed gay consumer. One respondent cited “Johnny Depp” as the perfect style 
advice gay icon and again his general popularity and style which is considered 
‘Androgynous’ fits with the mainstream heterosexual market and has ‘crossover 
appeals’. 
In  terms  of  virtual  3D  representation  this  appeared  to  link  to  self  body 
perception and the respondents with good-to-standard body shape were keen to 
see  a  virtual  avatar  representation  of  their  own body shape,  while  those  with 
larger-to-disproportionate  body  shapes  were  less  keen.  Only  one  respondent 
wanted to see his actual face on the avatar but four out of the five respondents 
would like a shared online shopping experience and selected the option “would 
like a friend or partner to see your clothes virtually.” One respondent stated “I do 
like a second opinion; I am inclined to ask someone that knows me.”  
The 5 respondents had concerns about online fit, design, colour and quality of 
fabric not being accurate. This is in line with stage 1 & 2 of the study (SERVIVE 
Report) in which of the 97 interviewees (male, female and gay) 90% stated ‘Fit’ 
was the most important feature, 80% ‘Quality’ and 50% ‘Design’. Some of the 
suggestions  included  using  “3D  360  degree  zoom-in  feature  that  helps  the 
identification  of  the  fit,  style  colour  and  texture”  but  many  groups  suggested 
“samples could be sent in the post” for approval as a sense of touch was very 
important in making choices of fabric as stated here. “I am a tactile shopper – I 
like to see and touch,” another said he “likes to smell the cloth,” he wanted to use 
all his senses to make a decision in store rather than online. Another considered 
co-design and style advice could be more “direct and personal experience with the 
person who is supposed to realise my made-to-measure garment.”
Each respondent was shown the gay tribal map and asked if they could identify 
them-selves on this map or if not could they add a new gay style descriptor to the 
chart.  All respondents found one or more style descriptors that were closest to 
their own self perception. In some cases multi-identity descriptors were identified 
but in each case they came under the umbrella of ‘The Invisibles’  with 1 or 2 
under ‘Aesthetes.’  One respondent discussed the  ‘professional’ suit which was 
not listed but had been identified in the literature:
‘“The Professionals’ is missing and couple of years ago I found out this was a 
fetish…there are many levels of the fetishism of the suit; grey suit or a pinstripe 
suit, the type of shirt that’s worn with it, white collar etc.” When questioned as to 
where  he  would  position  the  ‘Professionals’ on  the  tribal  map  he  stated 
eloquently that ‘the natural uniform is the  ‘Invisibility’  of the suit’ placing the 
‘Professionals’  under  ‘Invisibles’  but  also squarely into ‘cross  over appeals’ 
acceptability of suit styles. 
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5: An understanding of a gay aesthetic/experience? 
Identification of a gay aesthetic for both product design and website promotion is 
clearly a difficult concept to assess and this study can only touch on comments 
made in the in-depth interviews and in response to the concepts shown and scored 
in Table 2. In terms of the gay aesthetic online concepts the respondent aged 25 
stated “Gay groups can be very stereotypical but if intelligently handled could be 
useful’ for marketing genres ‘Including gay media styles such as  the Gay Times 
which uses modern graphic design, clean, retro ‘classic’ which is somewhat safe 
but dated and for the older gay man.’ 
The  Gay  Times  is  designed  by  Mark  King  and  his  background  includes 
working with I-D magazine, some of his hand-drawn typography from that time is 
on permanent display at the V&A and would come on ‘Expressive Aesthetics.’ 
Although  from  the  above  description  GT  is  now  designed  under  ‘Classical 
aesthetics’ for the older man defined above as over 30. In terms of product design 
the gay aesthetic for  the 20-30 year olds is  considered to be “a cleaner  more 
streamlined look.” 
The most interesting attempt at identifying a gay aesthetic is in this statement 
‘“Straight acting” there is real emphasis on men defining themselves as straight 
acting…’ which comes from the  ‘Invisibility’ typology BUT ‘Invisibility was 
passing as heterosexual (because you had to) this is about lifestyle choice.”  This 
is an ironic concept as it is like “Identifying with what you are  not rather than 
what you are,” which underlines the ‘Invisibles’ as the key gay tribe to target for 
co-design fashion websites. Importantly, the respondent also considered if there 
could be a universal gay aesthetic “There must be, but whether it is to do with the 
actual conception and design stage of it or whether it is then to do with the way it 
is perceived in consumption…” he was unsure but cited the following examples of 
mainstream fashion brands with ‘appeals’ in the luxury fashion market. “Gaultier 
brings  to  it  a  definite  gay  aesthetic,  he  draws  on  a  masculinity  that  he  has 
awareness of and D&G bring a definite gay sensibility… it’s a tricky one the ‘gay 
aesthetic’….”  He continued by trying to  identify  a  national  gay  aesthetic  “…
London has a very definite gay aesthetic as does Paris…” but an aesthetic that is 
“universally  gay,  an  international  style  was  the  Americanisation of  gay  styles 
from the clone…which have a following.  He considered that a  “homogeneous 
kind of underlying gay aesthetic…was the notion of a camp awareness of when to 
use a sense of ‘camp’, but there was also an aversion to the sense of camp; a need 
to be seen as a hyper-masculine male, or straight-acting or ‘Butch.’ 
Respondent  3  said  the  “gay  or  ‘cross-over’  website  could  be  portrayed  by 
Latino’s or Black men” modelling the apparel. All 5 respondents agreed the style 
and promotion should be ‘subtle.’
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5.1: Factors influencing the perceptual ratings of online gay concepts
The  following  table  summarises  data  from the  analysis  of  the  9  web  design 
concepts  shown  to  the  5  respondents.  Ratings  on  the  Evaluation  Criteria  are 
ranked in order of degree of correspondence to the overall ratings of the concept 
web pages, rank 1 is highest.
Table 2: Web Aesthetics Evaluation Criteria Correspondence to Overall Ratings
Respondents Rating of Site - Alignment With Overall Assessments of Site.
Categories for each of the 
9 Storyboards shown to 
Respondents.
Respondents ‘Stickyness’ 
to Site and potential to 
Complete purchase. 
Respondents 
Overall 
Impression of Site
Evaluation Criteria Rank (1 High) Rank(1 High)
Experiential values and 
respondents ability to be 
Interactive on the site 1 10
Representation of product 
style and quality 2 4
Co-design options on offer 3 8
Style Advice 4 9
General impression of the 
aesthetics 5 1
Images 6 3
Colours 7 7
Amount of Images in 
relation to text on each 
web page 8 5
Gay/Lesbian aesthetic 
sensitivity to design of web 
page 9 2
Symmetry of web page 
design 10 6
Product choice 11 12
Understanding/Clarity of 
web page and information 
provided 12 11
Amount of text in relation 
to information required 13 13
Typeface, font, size, colour 14 14
Clearly ‘General impression of the aesthetics’ geared towards a gay market but 
in  a  sensitive  and  subtle  way  that  would  enable  ‘cross-over  appeals’  is  an 
important  factor  with  the  strongest   (ranked  @  ‘1’)  relationship  to  the 
respondents’  overall  impression  of  the  site  with  ‘Gay/Lesbian  sensitivity  to 
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designs’  (ranked  @  ‘2’)  having  the  next  strongest  relationship  to  overall 
impression. 
When  considering  the  product  offer  and  factors  indicating  likelihood  that 
respondents would find the site ‘sticky’ and potentially purchase, ‘Experiential 
Values’  had  the  strongest  relationship  (ranked  @  ‘1’)  with  respondents 
assessments with ‘Representation of Product’ and ‘Co-design options’ next @ ‘2’ 
and ‘3’ respectively. 
Style Advice was in the top quarter @ ‘4’ despite the concepts only giving an 
impression of what could be on offer as a service. All respondents agreed that the 
less experienced gay fashion consumer would benefit from this online service.
 ‘Images’,  ‘Colours’ and  ‘Amount  of  Images’  were  the  next  strongest 
indicators ranked @ ‘6’ ‘8’ and ‘7’ respectively. The quality, style and amount of 
images  is  ranked  more  highly  with  overall  impression  in  line  with  the  study 
discussion recommending more images than text on a website. The designs were 
‘classical aesthetics’ which seem to appeal to the ‘Invisible’ gay market sector. 
Although the symmetry which is supposed to equate to beauty according to the 
study has an overall middle ranking, this may be due to the toolbar appearing on 
the left  hand side of  the web page making the concepts perceived as visually 
asymmetrical. This factor would need to be tested in future research. 
Concept no. 9 showed an embroidery monogram on the jacket which relates to 
Co-design and Style Advice both rank highly in product rating, with two of the 
respondents stating they would like this service inside the jacket on a label as this 
would be more personal and subtle. This is an easy and low cost configuration to 
make. Also the experiential values could be made more interactive in terms of 
product choice, however at this stage these are concepts created for the study. The 
amount of text and the size of typeface will need addressing as the low ranking 
shows, but by simply changing to sans from a serif, colour and size of font this 
may improve these perceptions.
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Image 1: Concept 1 - The Green Carnation
Image 2: Concept 4 – The Lookbook
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6: Limitations, conclusions & recommendations
This pre-research study giving only indicators to potentially significant factors as 
the small sample does not allow rigorous quantification of statistical significance. 
However,  the  initial  research  has  shown  that  in  a  larger  study  the  following 
hypotheses may be determined. 
H0:  (The  Null  Hypothesis)  There  are  no  identifiable  ‘indicators  of  a  ‘gay 
aesthetic’ for suiting and special occasion wear and online design. 
H1:  There  are  identifiable  ‘indicators’  of  ‘gay  aesthetic’  styles  for  suiting, 
special occasion wear and online design.
H2: If there are confirmed identifiable gay aesthetic ‘indicators’ they can be 
created as viable configurations of ‘cross-over’ designs online.
H2 deals with  ‘cross-over appeals’. However this study has shown minimal 
difference in gay aesthetic styles, at lease for the group the  ‘Invisibles’ as they 
‘adopt  masculine  dress,  follow  male  fashion  trends  while  maximising  their 
immersion into ‘straight’  society.’  The validity  of  this  hypothesis  can only be 
determined by the larger study.
The practical implications of this  exploratory study give an insight into the 
potential  of  the  gay  niche  market,  their  taste,  lifestyle  and attitudes  to  online 
consumption with particular  relevance to  the mass-customisation marketer  and 
web-designer.
Further  research  of  a  more  quantitative  nature  would  fully  establish  the 
significance of the factors identified for groupings additional to the ‘Invisibles’, 
and enable a full mapping of how segments of this niche market may ‘cross-over’ 
within the categories of Table 1.  In the meantime this study has highlighted rich 
descriptions of gay market opportunities and the subtle gay graphic web-design 
concepts presented were generally well rated and could operate in fashion sites 
and retail outlets with ‘cross-over appeal’.
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Do I Recognize Myself in this
Avatar? An Exploratory Study of
Self-Congruity and Virtual Model
Personalization Levels
Abstract
Among all possible advantages offered by electronic commerce to retailers, the capacity to
offer consumers a personalized relationship is probably one of the most important (Wind and
Rangaswamy 2001). Online personalization offers retailers two major benefits. It allows them
to provide accurate and timely information to customers which, in turn, often generates
additional sales (Postma and Brokke 2002). Thus, the question for retailers may then be
“How much personalization should we offer consumers?” Although some research has been
conducted addressing the issue of personalization extent and how it impacts consumer
attitudes and responses (e.g., Ansari and Mela 2003, Song and Zinkhan 2008), to our
knowledge no research has yet investigated the personalization of avatars, more specifically
the personalization extent of virtual models on apparel retail websites. Thus, our research
contributes to the personalization research stream by investigating how different levels of
personalization influence consumers’ perceptions, attitudes, and intentions.
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Literature Review and Hypotheses.
In order to extend past research on avatars (Holzwarth and al. 2006) in a different
setting and on other types of avatars, we suggest that on an apparel website,
consumers exposed to a virtual model will have more positive responses towards the
website than consumers not exposed to a virtual model during their shopping session.
Thus, the first hypothesis is posited.  Hypothesis 1: Consumers using a virtual model
will derive more a) hedonic value, b) utilitarian value, c) satisfaction, and d) have
greater purchase intentions than consumers not using a virtual model during their
shopping session. In addition, we argue that as the virtual model personalization
increases, consumers will find the model more representative of themselves.
Hypothesis 2: The level of the virtual model personalization is positively related to
perceived self-congruence. Tam and Ho (2006) suggest that “Self reference in web
personalization refers to personalized web content associated with the self or past
episodic experience of the user”. In addition, Bargh (1982) has shown that human
attention is spontaneously diverted to descriptions or messages that are strongly
associated with the self. Finally, the self-concept theory (Sirgy 1982) suggested that
self-image congruence has a positive influence on attitude and preference for the
product (Sirgy et al. 1997) and on the perception of store environment (Sirgy et al.
2000). Thus, we suggest that as self-congruency increases, consumers will have more
positive responses towards the website and their online shopping session. Hypothesis
3: There is a positive relationship between perceived self-congruence and a) hedonic
value, b) utilitarian value, c) satisfaction, and d) purchase intention.
In order to test these hypotheses a between-subject experimental design was used.
Using a modified version of the Visual Search application of My Virtual Model
(mvm.com) participants were assigned to one of the following conditions: no virtual
model, model with basic personalization (participant’s gender), model with medium
personalization (participant’s gender, body size, weight, and shape) and model a high
level of personalization (participant’s gender, body size, weight, shape, and a picture
participant’s face for the model face). Once randomly assigned to one condition,
subjects (n=166 female students) were asked to renew their wardrobe using four
product categories: sweaters, tops, dresses and pants and to keep in their virtual
dressing room all the apparels they were willing to buy on the website. To increase
their involvement, a drawing of 100 Euros made it possible for participants to win the
products they had kept in their dressing room. After the experience, participants
completed a final questionnaire assessing the utilitarian and hedonic value of the
website, their satisfaction with the shopping experience and their purchase intention
on the website.
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Manipulation Check.
Although there was a main effect of avatar personalization, not all groups differed
significantly in their perceived personalization of the avatar (Mpicture+size+gender= 4.28;
Msize +gender= 3.72; Mgender= 3.11). Contrast tests showed that participants in the
“size+gender” group did not differ significantly from the two other groups. However,
the “picture+size+gender” group and the “gender” group did differ significantly
(Contrast value = 1.17, p < 0.005).  Hence, only these two levels of virtual model
personalization have been used in the following analysis.
Results
In order to test H1, an ANOVA was performed using three groups (no virtual model,
“gender” group, and “picture+size+gender” group). Contrast tests suggested that
participants in the “picture+size+gender” did perceive more utilitarian value
??=0.7961), hedonic value (?=0.850), satisfaction (?=0.800), and had marginally
greater purchase intentions (?=0.941) than participants not exposed to a virtual model
during their shopping session (Contrast estimates = 0.674 (p<0.05); 0.641 (p<0.05);
0.734 (p<0.05); 0.655 (p<0.1), respectively). Additional contrast tests suggested that
participants in the “gender” group did not perceive more utilitarian value, hedonic
value, satisfaction, or greater purchase intentions than participants not exposed to a
virtual model during their shopping session (Contrast estimates =   0.674 (p<0.05);
0.641 (p<0.05); 0.734 (p<0.05); 0.655 (p<0.1), respectively). Thus, H1 was partially
supported.
In order to test H2, which suggests that the degree of personalization and self-
congruence are positively related, an ANOVA was performed using two groups
(“picture+size+gender” and “gender” group). Results suggest that the groups differed
in their self-congruence (?=0.890).  Participants in the “picture+size+gender” group
perceived more congruence (M=3.17) than participants in the “gender” group
(M=2.36, F(1,76)=7.095, p<0.05). Thus, H2 was supported.
To test H3, an ANOVA was performed using two self-congruence groups (median-
split).  Results suggest that participants who perceived congruence reported higher
utilitarian value, hedonic value, satisfaction, and purchase intentions (F(1,76)=12.45;
10.92; 12.69; 9,02 respectively, all p-values<0.005). Thus, H3 was supported.
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Discussion
Results suggest that consumers using highly personalized virtual models derive more
value, satisfaction and have slightly greater purchase intentions than consumers not
using virtual models while shopping online for clothes. However, participants’
perceptions and intentions in the less personalized virtual model situation did not
differ from those who were not exposed to a virtual model.  Furthermore, results also
show that the degree of virtual model personalization has an impact on users’ self-
congruence, which in turn, greatly affects the utilitarian value, hedonic value,
satisfaction, and purchase intention of users.
In addition to contribution to the evolving personalization research stream, this
research has important implications for apparel online retailers. Results suggest that
retailers should maximize the personalization functionalities of their virtual models in
order to fully benefit from their impact on consumers.
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Abstract. We examine how personalized recommendations that present products in
order of their predicted attractiveness to a consumer transform decision processes
during product search.  While such an ordered presentation of products is generally
deemed to benefit consumers, it also poses new challenges.  Specifically, with
personalized recommendations, consumers may search too much and make suboptimal
choices among the inspected products.  We propose that this can be explained by the
fact that such recommendations activate a choice orientation in searchers.  Evidence
from two experiments provides strong support for this perspective.  When inspecting a
new product with personalized recommendations, consumers tend to compare it to the
entire set of previously encountered alternatives rather than only the best one among
these, in line with choice from pre-defined sets rather than with sequential search.
Moreover, with personalized recommendations, encountering products that are more
similar in attractiveness reduces the probability of stopping the search at a given stage,
which also indicates a choice orientation in that it is consistent with choice deferral, but
opposite to what is commonly observed in unordered search environments.
Keywords. Personalized Recommendations, Consumer Search, Consumer Decision
Making
Dellaert and Häubl – Product Search with Personalized Recommendations
Submitted to 5th World Conference on Mass Customization & Personalization MCPC2009 2
Due to advances in information technology, consumers have easy access to
information about a vast number of products, services, and vendors.  This is
beneficial to consumers because it provides them with an increased opportunity
to find offerings that closely match their personal preferences.  At the same time,
having access to a very large number of alternatives also poses a challenge to
consumers since, in order to find a suitable product, they might have to engage in
an extensive search of the set of available alternatives.
Prior work has demonstrated that an effective means of assisting
consumers in choosing from large sets of available products is to provide them
with decision assistance in the form of personalized recommendations.  For
instance, Häubl and Trifts (2000) showed that shoppers who faced many different
products made substantially better purchase decisions when they received
personalized recommendations such that they were presented with a list of
alternatives sorted closely in line with their own preferences than did consumers
who were not provided with such recommendations.  Similar results were also
reported by Diehl, Kornish, and Lynch (2003), who showed that when
personalized recommendations are provided, consumers are better able to find
lower prices and higher quality items in large retail assortments.  Moreover,
recent research in the field of information systems also highlights the potential of
personalized recommendation systems to assist consumers in making better
product choices (Hostler, Yoon, and Guimaraes 2005; Xiao and Benbasat 2007).
While this prior research has investigated how personalized product
recommendations affect decision outcomes, little is known about how such
decision assistance might influence the consumer decision process during
sequential product search.  The latter is the focus of the present research.  In
particular, we examine whether being presented with a set of products in the form
of personalized recommendations influences the way in which consumers make
decisions in the course of their search process – specifically, how they decide, at
each stage of the search, which of the inspected products is their preferred one,
and whether or not to stop searching.
Our central thesis is that personalized recommendations transform the
decision process consumers’ use during product search, relative to when they
search without such assistance.  In particular, we argue that, when engaging in
unassisted sequential product search (i.e., without recommendations), consumers
naturally operate in what we call a “search mode,” which is characterized by a
decision procedure with a forward-looking focus at each stage of the search
directed at determining whether or not an additional alternative should be
inspected.  By contrast, we propose that decision assistance in the form of
personalized product recommendations invokes what we refer to as a “choice
mode,” in which consumers place greater emphasis on comparing, and choosing
among, alternatives that they have already inspected.
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The proposed shift towards a choice mode in the presence of personalized
product recommendations implies specific testable predictions that we investigate
in two experiments.  In particular, such a shift leads consumers to behave less in
accordance with normative models of search (i.e., less in accordance with a
search mode), and to instead become more sensitive to cues that have been shown
to affect choice from small, pre-determined sets of alternatives that do not require
product search (i.e., choice mode).  To examine these predictions, we examine
the step-by-step decisions consumers make in the search process (see Figure 1).
More specifically, we model the effect of personalized recommendations on two
key “micro” decisions that must be made at each stage of the search –
(1) determining which of the products already inspected is the most attractive
one, and (2) deciding whether to terminate the search or continue it by inspecting
an additional product.  This perspective enables us to test specific hypotheses
about how, relative to unassisted search, the presence of personalized
recommendations causes consumers’ micro decisions to be influenced
differentially by cues that reflect either a search or a choice mode.
Figure 1 Sequential Search Process with Personalized Recommendations
Evidence from two experiments provides strong support for our
hypotheses.  When inspecting a new product with personalized recommendations,
consumers tend to compare it to the entire set of previously encountered
alternatives rather than only the best one among these, in line with choice from
pre-defined sets rather than with sequential search.  Moreover, with personalized
n=n+1
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recommendations, encountering products that are more similar in attractiveness
reduces the probability of stopping the search at a given stage, which also
indicates a choice orientation in that it is consistent with choice deferral as
observed in consumer choice tasks, but opposite to what is commonly observed
in unordered search environments.
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Abstract
A main challenge in new product development (NPD) is to match a new design to customer
preferences. Recent reviews show large failure rates in the commercialization of new designs.
In most of the cases, the reason of failure has been not a lack of technological capability of the
firm, but a wrong understanding of the customer needs and demands. The idea of this paper is
to investigate a new approach to reduce the NPD risk by postponing some design decisions
into the customer domain. Our concept of embedded toolkits for user innovation plans for
manufacturers to design products with build-in flexibility by embedding knowledge and rules
about possible product differentiations into the product. This shall enable users directly to
modify a product according to their individual needs, freeing the manufacturer to perfectly
acquire concrete customer needs before the product is designed. The objective of this paper is
to study the feasibility of such an embedded open toolkit conceptually and experimentally,
whereas the empirical research was conducted in the automotive sector.
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Introduction
A main challenge in new product development (NPD) is to match a new design to customer
preferences (Gross and Antons 2009). The fit between the design features of a new product
and the preference set of the customer base (fit to the market) is a strong driver of perceived
product value. Subsequently customers are not willing to spend a premium for an offering that
is not meeting their individual needs exactly (Crawford 1979; Cooper 1999). In today’s fast
changing world, the task of matching products with the preferences of the customers becomes
increasingly more difficult. Recent reviews show large failure rates in the commercialization
of new designs. In most of the cases, the reason of failure has been not a lack of technological
capability of the firm, but a wrong understanding of the customers' needs and demands.  This
paper presents a new approach for companies to accomplish this: embedded open toolkits (in
the following also called “embedded toolkits”). Embedded toolkits combine user co-creation
with the idea of postponing certain design decisions, in order to reduce the risk of a product
flop. The paper will introduce the concept of embedded toolkits and a first approach to test the
feasibility of this concept will be presented as well; for this purpose a study was conducted,
which applies the concept of “embedded toolkits” in the automotive industry.
User Co-Creation and Toolkits for User Innovation
Cooper outlines a potential in minimizing the new product development failures through
integrating the customer more into the process (Cooper 1980). The traditional way to access
customer information for NPD is market research and customer surveys. However,
transferring the need information from the customer domain into the company correctly is not
a trivial task. According to Henkel and von Hippel (2004) market research, customer surveys,
trade shows, etc. do often not achieve their goal. For example, latent needs may not be
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mentioned by the customers because they are considered to be a basic prerequisite and might
be taken for granted. Other need information may not be transferred as customers are either
not able to correctly express these needs or they are not aware of them. Given these problems
to access customer needs correctly, customer information has been classified as “sticky
information”, i.e. information that is costly to transfer from its source the a recipient (von
Hippel 1994).
A more recent approach to learn about the preferences of customers is to actively interact with
them in the NPD process. Instead of just asking them for feedback on a firm activity, users
shall be integrated in the firm's activities (von Hippel 1994, von Hippel and Katz 2002). One
possible method that seems to lower the barrier of “sticky information” is the so called user
co-creation or co-design. The idea of this method is to involve the customer in the process of
designing or creating a new product by allowing users to implement their own ideas and
actually create their own product (Prahalad and Ramaswamy 2004). This procedure offers
several advantages to the manufacturer: research and development expenditure can be
reduced, latent needs will be revealed and the user innovations will most likely have a better
fit to the preferences of the customers than any closed innovation will be able to create. Ajayi
and Smart, for example, emphasizes the importance of the feedback and customization from
the field about the performance of products in use in order to maintain a successful product
development; That way the design of future products and services will genuinely contribute to
increased customer satisfaction (Ajayi and Smart 2008).
However, user co-creation might lead to innovations or new products that cannot be
reproduced by the manufacturer. This phenomenon can easily be understood when looking at
the instant food industry (Thomke and von Hippel 2002): In order to get ideas for new recipes
food companies might ask professional chefs to create innovative meals for them. The cook
might use fresh produce or spices from a certain supplier for the new meal and those
ingredients might be essential for the special taste of that new creation. Due to the fact that the
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instant food company will reproduce that recipe on a much bigger scale and with ingredients
from a wholesale dealer instead of the fresh ingredients from the cook’s local supplier the
reproduced meal will not taste like the meal created by the chef and the user creation will be
lost.
Toolkits offer a solution for this problem: companies that plan to involve their customers in
NPD should provide their co-creators with tools that are identical to the tools that the
manufacturer uses for the production. By allowing the co-creators to only use the same tools
and resources as the manufacturer it can be guaranteed that the customer innovation will be
reproducible for the manufacturer (von Hippel and Katz 2002). The toolkit idea can be
applied to the instant food example as well: If the company provided the chef with ingredients
and cookware comparable to their own, the company should be able to reproduce any new
meal that the cook creates with the given toolkit.
Subsequently it can be assumed that user co-creation on the basis of a toolkit provided by the
respective manufacturer could lead to new products with a high preference fit in the intended
target market. There has been a lot of research on toolkits as a stand-alone instrument in new
product development that can be used as background information for the concept described in
this paper (Franke and Hippel 2003; Franke and Piller 2004; Piller et al. 2004; Piller and
Walcher 2006; Piller and Reichwald 2009).
Postponement in NPD
Another approach to reduce the risk in new product development is postponement. The idea
of postponement is to delay certain design decisions to the latest possible moment so that
changing customer needs, new results from market research, or new technologies can still be
worked into the new product without delaying the whole development process. Such an
approach to NPD allows the manufacturer to be more flexible towards the ongoing change in
user preferences (Biao et al. 2005).
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Postponement is not only used during the development of new products, but it is also widely
accepted in sales and distribution: In many industries it is a common practice to offer the
customers to order their products with the help of a configurator tool. The customers use the
configurator to order products according to their personal preferences and thereby reduce the
manufacturer’s risk of making products that fail to meet the customer preferences (Franke and
Piller 2004). Instead of being forced to decide which products to make before the start of
production, the manufacturer can now leave this decision to the users; the manufacturer only
needs to produce those products which customers have ordered via the configurator. Thus, by
the means of a configurator, companies put the idea of postponement into practice and are
able to reduce the risk of a product flop.
However, the implementation of such a postponement principle calls for certain requirements.
Postponement can only be realized with a modular product structure in place. That way single
modules can be switched, replaced or improved without impact on the remaining product
(Piller and Reichwald 2009). On the other hand modular product structures are always less
efficient and more costly than integrated systems. Therefore a manufacturer has to trade off
the advantages of the postponement approach with the disadvantages of implementing a
modular product structure.
Embedded Open Toolkits
In the paper, we propose a new approach to better incorporate the individual preferences of
customers in a new product design, combining the concepts of postponement and user co-
creation. Our core idea is to embed design flexibility in a product so that it is adaptable to
individual user preferences, but at the same time to offer the users a toolkit to better their
needs into a fitting product specification. The concept of "embedded open toolkits for user
innovation" plans for manufacturers to design products with build-in flexibility by embedding
knowledge and rules about possible product differentiations into the product so that the users
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can make changes to the product after the purchase. This idea builds on the original toolkit
concept. Users are given the ability to differentiate the product according to their individual
needs and on the other hand the concept realizes the idea of postponement by moving the
point of differentiation into the user domain.
By the means of embedded toolkits, companies enable their customers to directly transfer
their needs into the product after it has reached the domain of the customer (Piller and
Walcher 2006). This strategy isolates the source of uncertainty, i.e. sticky information about
user needs, and places it entirely outside the boundary of the manufacturer. Thus, the
manufacturer’s task of understanding the user needs prior to product launch is thereby
postponed into the product usage domain and the users can create an individual product,
which highly corresponds with their needs, after the purchase. In order to carry out the idea of
embedded open toolkits, manufacturers need to conceptualize their products to meet several
basic requirements: For a toolkit, a manufacturer lays out an appropriate solution space for
users in form of “half-finished” product specifications or more generic solution capabilities
and presents this input to customers via an interactive interface (von Hippel and Katz 2002).
Therefore these toolkits allow users to design a novel product by arranging and combining
design parameters and setting values for them and to receive an immediate feedback on the
potential outcome of their design. However, an initial specification of the product has to be
part of the sold product, giving customers the option to use the product directly without
making any changes to it.
Another key requirement of this concept is the user interface that will allow customers to
completely adapt and not only configure their product according to their own requirements. It
has to be embedded in the product architecture and it is supposed to equip users with the
possible solution capabilities to substitute the lack of professional training and experience; the
user does not need to be an expert. The toolkit has to be open with regard to incorporating a
broad set of customer input, but has to be integrated at the same time into a complex product,
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allowing the real-time modification of this product during its use stage. Such a toolkit is much
more powerful than a traditional toolkit and needs an appropriate user interface that allows
users not only to control a given functionality, but enables them to adjust the product in such a
manner that a new product design can result from the process. Consider the example of a
dashboard of an automobile: A conventional interface allows the user to interact with the car
and control specific functionality. In this approach, the user could design the layout of the
dashboard, the functions accessible by it, and also parts of the performance controlled by the
customized dashboard. Still, all functionality would stay within the safety requirements of the
system and would allow full interface functionality with the rest of the car. Obviously, such a
solution has much larger opportunities for users to find an exact product fitting to their needs,
but demands much larger requirements in designing the solution space of such a flexible
system.
Feasibility of the concept
The concept of embedded open toolkits still needs to be tested for its feasibility. Therefore it
is necessary to distinguish the point of view of the manufacturer from the user.  The
manufacturer needs to implement a specific management concept for embedded toolkits in
order to put that concept into practice successfully: According to Gross and Antons (2009) the
management needs to adopt the embedded toolkit concept on the following three distinctive
levels:
· On the product level, modular product family structures have to be created by
decomposing the complete product into sub-modules to isolate volatility in the design.
Instead of leaving the product architecture as a technical decision, it shall be seen as a
potential to improve business performance by partitioning a product structure in a way
that the influence of a perturbing variable is isolated to a small portion of the design.
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Using modular product structures, sub-systems can be adjusted independently to
environmental changes. Creating such modular design however is a more complex and
costly task compared to designing a closed, complete product. The principles of
designing modular products for embedded toolkits are largely unknown.
· On the process level, the introduction of flexible technologies should reduce the
economic cost of making fast changes on a product design after more information
about the customers' demand has been obtained. But postponement also implies cost
of less efficient NPD. Breaking with the traditional freeze rule of NPD often results in
more iterations and more complex planning efforts.
· On the management level, a firm has to adapt its management systems for
postponement. This includes, for example, progressively lock down requirements, a
better framework for making trade-off decisions, better task partitioning, and the
integration of all actors along the value chain. The extent to which customer demands
can be fulfilled on-time is dependent not only on the responsiveness of the postponed
process, but also crucially on the responsiveness of the planning system. The project
has to establish the basic requirements of a planning framework for embedded toolkits.
Besides the implementation on the manufacturer’s side, it is important to take the role of the
user into account as well. Apart from the technical realization and the degree of
innovativeness that this method could deliver, it is essential that users are willing to accept the
concept of embedded open toolkits. Do users regard the concept as useful at all? Would they
be willing to purchase such a system? These questions provided the background for an
empirical study among potential users of an embedded open toolkit in the automotive
industry.
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Model development
In order to investigate the level of acceptance among potential users of an embedded toolkit,
we conducted a survey in the domain of the automotive industry. The survey's objective was
to explore the acceptance of car owners towards an embedded toolkit with build-in flexibility
to enable the driver to differentiate the vehicle according to the personal preferences. To make
our research framework empirically operational we will take the basic Technology
Acceptance Model (TAM) as a starting point. While it was originally developed in the
information systems literature (Davis 1989; Davis et al. 1989), it now is also frequently
applied in the marketing literature to investigate the acceptance of certain self service
technologies (Dabholkar and Bagozzi 2002). In its basic version, it consists of two
conceptually independent determinants of a person’s attitude toward using a new technology:
perceived usefulness (PU) and perceived ease of use (or in this case perceived complexity of
use (PCOU) as a reverse construct). The first determinant PU refers to the degree that using a
system will improve users’ performance in fulfilling a certain task.  These perceptions
influence consumers’ attitude towards the system and their intention to use it. TAM posits that
PU is only partially mediated by attitude and also has a direct link to a usage intention (Davis
et al. 1989). The second determinant PCOU is expected to influence attitude as well, because
the more complex a technology is to use, the more likely it is that the customer has a negative
attitude towards that technology.
One of the first additions to TAM was another process related construct of perceived
enjoyment (PE) (Davis et al. 1992; Childers et al. 2001). It is intended to capture the benefit
that might be inherently provided by the process of using a technology, independent from any
outcome related benefit that this usage process might lead to. This extension seems to be
especially relevant in marketing contexts where consumers' perceived value or motivation is
frequently characterized along utilitarian and hedonic dimensions (Babin et al. 1994). In the
Submitted to 5th World Conference on Mass Customization & Personalization MCPC2009 9
utilitarian view, consumers are concerned with fulfilling the purchasing task in order to
achieve their goals as efficiently as possible. The hedonic view reflects the potential of the
shopping process to provide entertainment value arising from the experience of fun and
playfulness. The hedonic value of enjoyment refers to the feelings, for which the experience
might be valued for its own sake. It does not refer to its capability of supporting task
completion or achievement of any pre-specified end goal (Holbrook 1994). Figure 1 shows
the basic TAM with the three core belief constructs just described.
Figure 1: The basic technology acceptance model
In its basic version the TAM agrees with the causal connection of attitude, intention and
behavior that was already established by Ajzen and Fishbein in the theory of reasoned action
(Fishbein and Ajzen 1975). However, because attitude was frequently found to not fully
mediate belief constructs, TAM is occasionally refined to exclude it (Venkatesh 1999). For
this study it is not considered to be necessary to differentiate between the attitude towards
behavior and the actual intention to purchase the technology at hand. Therefore, for this study,
attitude will be excluded and PU, PCOU and PE will all directly influence “purchase
intention” only. Subsequently the following hypotheses will be put forward:
Perceived
Usefulness
Perceived Ease
of Use
Perceived
Enjoyment
Attitude
Purchase
Intention
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H1: Customers’ intention to purchase a new product with an embedded toolkit is (a)
positively influenced by perceived usefulness, (b) negatively influenced by perceived
complexity (both directly and indirectly through perceived usefulness), and (c) positively
influenced by perceived enjoyment.
Furthermore the study is supposed to investigate the antecedents of the perceived usefulness
construct. PU is expected to be an important antecedent to the purchase intention and in the
context of this empirical research project the influencing factors of the PU of the potential
users toward the embedded toolkit concept shall be determined. As stated above the
determinant PU refers to the degree that using a system will improve users’ performance in
fulfilling a certain task, in this case, how using an embedded toolkit will improve the car’s fit
to the preferences of the user. It can be assumed that the perception of usefulness depends
largely on the degree of satisfaction with the current product. The better the current vehicle
meets the needs and expectations of the user, the less likely it is that the user will deem an
embedded toolkit useful. Hypothesis 2 formulates this assumption as follows:
H2: Satisfaction with the current product has (a) a negative effect on customers’ intention to
purchase a new product with an embedded toolkit and (b) a negative effect on perceived
usefulness of an embedded toolkit.
The degree of product satisfaction results from several underlying factors of satisfaction with
the existing product. In the context of preference fit it is conceivable that the product
capability, meaning the entity of all functions and features embedded in the car, has an
influence on the level of satisfaction. Feelings of satisfaction arise when consumers compare
their perceptions of a product’s performance to their expectations (Oliver 1980). Therefore it
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can be assumed that a lack of certain features or functions will lead to a lower level of overall
product satisfaction for the users.
On the other hand, as technology advances, more and more features become available and
users might load their products with a large number of features, each of which individually
might be perceived as useful. The sum of all features, however, can make a product too
overwhelming and too difficult to use for the user. According to Thompson et al consumers
give more weight to capability and less weight to usability before product purchase and tend
to choose overly complex products. Such an overload might lead to so called “feature fatigue”
and a reduced level of satisfaction (Thompson et al. 2005).
A third antecedent for product satisfaction could be the perceived product customization that a
user has invested into a product before purchase. Similar to the idea of Guilabert that a
product may be deemed useful as it is perceived as highly customizable, it will be assumed for
this study, that a user will be the more satisfied with his current vehicle, the more effort he put
into customization before the purchase (Guilabert 2004).
Subsequently the following hypotheses will be put forward:
H3: The effect of perceived product customization is (a) positively related to satisfaction with
the current product and (b) positively related to perceived usefulness of an embedded toolkit.
H4: The effect of perceived product capability is (a) positively related to satisfaction with the
current product and (b) positively related to perceived usefulness of an embedded toolkit.
H5: The effect of perceived feature fatigue is (a) negatively related to satisfaction with the
current product and (b) positively related to perceived usefulness of an embedded toolkit.
This concludes the development of the research model for the empirical study concerning the
customer acceptance of embedded toolkits. A graphical summary of the proposed core model
is given in Figure 2.
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Figure 2: proposed model for the empirical study
Measure development
Wherever possible, measures from the literature were adapted. Purchase intention was
measured by two items on five point scales, i.e. "How likely is it that you will buy a car with
an "embedded configurator” from your favorite manufacturer/ from another than your favorite
manufacturer?” anchored very unlikely-very likely (Pavlou and Fygenson 2006). Items to
measure the perceived complexity of use and the perceived enjoyment of the embedded
toolkit were adapted from existing TAM measures of perceived complexity (Thompson and
Higgins 1991) and perceived enjoyment respectively (Childers et al. 2001).
The TAM literature recommends to develop domain specific measures for perceived
usefulness (Dabholkar 1996). Hence we conducted qualitative interviews with ten experts
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from automotive industry. We asked them to list all potential adaptability options an
embedded toolkit could provide in their opinion. Adaptability options that were more or less
identical or referred to the same subsystem were grouped (Fishbein and Ajzen 1975; Davis et
al. 1989). We ended up with eight items asking for the usefulness of adapting the following
car subsystems: cockpit, seats, ambience-system, electronic control units, communication and
infotainment services, chassis, engine and body. Contrary to the predominant “Churchill
paradigm” of reflective construct development (Churchill Jr 1979), we hypothesize our
measure of perceived usefulness to be formative meaning that the items describe and define
the construct rather than vice versa. The discussion of the decision rules put forward by Jarvis
et al. with experts clearly pointed to a formative specification of the construct perceived
usefulness (Jarvis et al. 2003). It is comprised of the usefulness of the adaptability options,
which have been to be different and independent in the experts’ opinion. Dropping one
adaptability option was felt to change the usefulness of the embedded toolkit. Due to the
different nature of the adaptability options, their intercorrelations in terms of perceived
usefulness were expected to be rather low.
For the items concerning the level of satisfaction with the current vehicle and its feature load
measures were adapted from existing literature as well. Overall satisfaction was measured by
one item on four different seven point scales, i.e. " How do you feel all in all with the features
and vehicle characteristics of your current car?” anchored very satisfied - very dissatisfied,
very pleased - very displeased, contented – frustrated and terrible – delighted (Oliver 1989).
The three items used to measure the product capabilities were adapted from Thompson et al
(Thompson et al. 2005), as well as the four items used to measure the feature fatigue
phenomenon (Thompson et al. 2005).  The measures concerning the perceived product
customization were developed following the items put forward by Guilabert; six items were
formulated for this purpose (Guilabert 2004).
Table 1 gives an overview of all the items used in the study:
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Table 1: Overview of all items used in the study
Belief component Item Statement* Reference
PU1: The adaptation of the cockpit by the means of an
"embedded configurator" after the purchase while using the car
is...   …  not at all useful. / … extremely useful.
PU2: The adaptation of the seats by the means of an
"embedded configurator" after the purchase while using the car
is...   …  not at all useful. / … extremely useful.
PU3: The adaptation of the ambience-system by the means of
an "embedded configurator" after the purchase while using the
car is...   …  not at all useful. / … extremely useful.
PU4: The adaptation of the electronic control units by the
means of an "embedded configurator" after the purchase while
using the car is...   …  not at all useful. / … extremely useful.
PU5: The adaptation of the communication and infotainment
services by the means of an "embedded configurator" after the
purchase while using the car is...   …  not at all useful. /
… extremely useful.
PU6: The adaptation of the engine by the means of an
"embedded configurator" after the purchase while using the car
is...   …  not at all useful. / … extremely useful.
PU7: The adaptation of the chassis by the means of an
"embedded configurator" after the purchase while using the car
is...   …  not at all useful. / … extremely useful.
Perceived
Usefulness (PU)
PU8: The adaptation of the body by the means of an
"embedded configurator" after the purchase while using the car
is...   …  not at all useful. / … extremely useful.
Retrieved
from
explorative
expert
interviews.
PCOU1: Using an „embedded configurator“ in order to adapt
certain features or characteristics of my car according to my
preferences would be too complicated.
PCOU2: Using an „embedded configurator“ in order to adapt
certain features or characteristics of my car according to my
preferences would take too much time.
PCOU3: Using an „embedded configurator“ in order to adapt
certain features or characteristics of my car according to my
preferences would be too confusing for me
Perceived
Complexity of
Use (PCOU)
PCOU4: Using an „embedded configurator“ in order to adapt
certain features or characteristics of my car according to my
preferences would take too much effort
(Thompson
et al. 2005)
PE1: Using an „embedded configurator“ in order to adapt
certain features or characteristics of my car according to my
preferences would be fun for its own sake.
PE2: Using an „embedded configurator“ in order to adapt
certain features or characteristics of my car according to my
preferences would be exciting.
PE3: Using an „embedded configurator“ in order to adapt
certain features or characteristics of my car according to my
preferences would be enjoyable.
Perceived
Enjoyment (PE)
PE4: Using an „embedded configurator“ in order to adapt
certain features or characteristics of my car according to my
preferences would be interesting.
(Childers et
al. 2001)
Product
Satisfaction (PS)
PS1: How do you feel all in all with the features and vehicle
characteristics of your current car?
(Oliver
1989)
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PC1: My current vehicle has a large number of features.
PC2: The features of my current car perform many functions.
Product
Capabilities (PC)
PC3: My current vehicle has many capabilities.
(Thompson
et al. 2005)
FF1: Understanding all the features of my car would be too
time-consuming for me.
FF2: My car contains too many irrelevant features that are not
of interest to me.
FF3: Many features of my car are basically useless to me.
Feature Fatigue
(FF)
FF4: Using certain features of my car is often difficult and
exhausting.
(Thompson
et al. 2005)
DoC1: For my current vehicle I chose an individual
combination of features.
DoC2: When buying my current car, I paid special attention to
certain features that meet my preferences.
DoC3: I tried to customize my current vehicle, so that it would
exactly fulfill my individual needs.
DoC4: The selection of features for my car makes it a highly
customized product.
DoC5: Before purchasing my current vehicle, I made up my
mind for a special feature configuration.
Perceived product
customization
(PPC)
DoC6: My current vehicle is almost identical and unaltered
compared to the standard or base model.
(Guilabert
2004)
* All items except for the perceived usefulness items were rated on 7 point Likert scales anchored
"strongly disagree - strongly agree".
Data collection and sample description
To test our model and hypotheses, we collected survey data with an online questionnaire
targeted to owners of passenger vehicles. The online questionnaire consisted of altogether
three parts. In the first part respondents were introduced to the concept of embedded toolkits
in the automotive environment. They were asked to evaluate a range of adaptability options
that an embedded toolkit could provide and assess characteristics such as the overall
usefulness, the complexity of use and the enjoyment of use of such a system. Secondly, they
were asked to indicate their perceived level of satisfaction with their current vehicle. In this
section of the questionnaire the respondents were asked to evaluate the perceived product
customization, the capabilities, the feature fatigue and overall satisfaction of their car. In the
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last part, the respondents were asked to provide indications of their personal traits, i.e.
technical expertise, their purchasing habits and socio-demographic background. As an
incentive for participation the respondents could enter a prize drawing for an Apple iPod
touch with a value of $300.
This yielded a response of 162 usable questionnaires. 22.8% of the sample was female. The
average age was 33.6 years. 42.6% of the sample has had a technical education and 35.8%
actually work in a technical profession. 21.6% of the sample has already made modifications
to its respective vehicles. Non-response bias was assessed by verifying that early and late
responses were not significantly different (Armstrong and Overton 1977). This test was
applied to the demographic characteristics and all principal constructs. t-Test comparisons
between early and late respondents showed only insignificant differences (p>0.1).
Measure assessment
We first tested the specification hypotheses for our proposed usefulness measure. We applied
the vanishing tetrad test proposed by Bollon and Ting to statistically determine the
appropriateness of formative vs. reflective measurement models for perceived usefulness
(Bollen and Ting 2000). This test is supplementary to the necessary substantial reasoning we
conducted in the measure development stage. As formative measurement models do not imply
any vanishing tetrads, each test was based on the indicator covariances implied by a reflective
measurement model. A significant test statistic suggests that the model implied vanishing
tetrads are not zero and should raise concern about the model’s validity. The results of the
tetrad test support our hypotheses of perceived usefulness as a formative construct.
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Exploratory factor analysis for the seven reflective constructs confirmed the factor structure;
extracted factor variances ranged from 72-91%. All item-to-total correlations were above 0.5,
reliability analysis revealed Cronbach's alphas ranging from 0.79 to 0.92. Confirmatory factor
analysis (CFA) results were obtained using PLS together with estimating the structural model.
All factor loadings exceeded 0.6 and were highly significant. The resulting factor reliabilities
ranged from 0.87 to 0.97 and the average extracted variances ranged from 0.62 to 0.91, thus
being above the required thresholds of 0.6 and 0.5 respectively. To confirm discriminant
validity among the constructs, the square root of average variance extracted was compared
with the intercorrelations. The former was found to be greater than the latter for each
construct, thus confirming discriminant validity.
In assessing formative constructs, aspects other than internal consistency or reliability are
critical; i.e. (1) content validity, (2) item cross loadings, and (3) indicator multicollinearity
(Diamantopoulos and Winklhofer 2001; Petter et al. 2007). (1) In the section developing the
measures, we specified the content and indicators of perceived usefulness based on experts'
categorizations. (2) While Rossiter argues that construct and discriminant validity can only be
established by these conceptual methods (Rossiter 2002), other researchers have argued that
even formative constructs should converge in the presence of other constructs (Agarwal and
Karahanna 2000). Hence, we followed the approach by Agarwal and Karahanna and checked
whether the formative indicators of perceived usefulness loaded higher on their own construct
than on other constructs, i.e. whether own loadings are higher than the cross loadings
(Agarwal and Karahanna 2000). We found this to be the case for all formative indicators. (3)
In terms of reliability of a formative construct, it is warranted to check for indicator
collinearity. The highest Variance Inflation Factor for perceived usefulness was 1.73, thus
beyond the threshold of 10. Table 2 shows the respective loadings for the perceived
usefulness indicators as well as their t-values and significance.
Table 2: formative indicator weights for perceived usefulness
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Perceived Usefulness
indicator referring to … estimate t-value
a)
…  cockpit 0.348 3.551***
…  seats 0.127 1.463 ns
…  ambience-system 0.057 0.650 ns
…  electronic control units 0.276 2.639***
…  communication and
infotainment services 0.168 1.832*
…  engine 0.168 1.819*
…  chassis 0.390 4.615***
…  body -0.067 0.788 ns
Notes: ***: p<.01; **: p<.05; *: p<.1; (ns): not significant; two-sided test
a) obtained from bootstrapping re-sampling with 500 samples and sample size 120
Estimation of the structural equation model
In order to test our hypotheses, we need to estimate the structural model consisting of the
regular TAM constructs and the added constructs related to customers’ perceptions of their
current product. With perceived usefulness being specified as a formative construct, a
decision arises about the appropriate estimation technique for the structural equation model
(SEM). We choose variance-based SEM and partial least squares (PLS) estimation over
covariance-based SEM and maximum likelihood (ML) estimation. Our main argument for
this choice is based on the identification of formative measurement models in variance-based
SEM.
A necessary identification condition in covariance-based SEM is that the formative construct
perceived usefulness must emit at least two paths in order for its residual error to be identified
(MacCallum and Browne 1993). These paths can lead to either (a) two theoretically
appropriate reflective indicators (MIMIC specification, (b) one reflective indicator and one
latent construct with reflective indicators, or (c) two latent constructs with reflective
indicators.  Unfortunately, in our model perceived usefulness only emits one paths to purchase
intention and we do not have reflective usefulness indicators in our data set.
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Other advantages of PLS over ML estimation refer to distributional assumptions and required
sample sizes. First, PLS does not rely on the assumption of normal distributions for the
measurement items (Fornell and Bookstein 1982). This assumption is not met in our data as
indicated by Kolmogorov-Smirnov tests. Second, PLS is applicable even under conditions of
small sample sizes (Chin and Newsted 1999). Finally, our research has an exploratory nature
especially with respect to the antecedents of the usefulness of embedded toolkits, because
perceptional and attitudinal theories have not yet been extensively developed and applied in
the context of smart and adaptable products (Rijsdijk and Hultink 2009). It has been argued
that variance based SEM is particularly well suited for theory development, because of its
focus on predictive power of a model (Wold 1985; Chin and Newsted 1999). All in all, this
led us to estimate the model using variance-based SEM and PLS estimation, especially the
software SmartPLS 2.0 (Ringle et al. 2005). Figure 3 shows the results for the structural
model:
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Figure 3: results for the structural model
The results clearly confirm the structural model and all hypotheses; all the hypothesized paths
are significant. Perceived usefulness is the strongest predictor of purchase intention with a
total effect of 0.363 followed by perceived enjoyment with an effect of 0.350 and customized
product attachment with a total effect of 0.217. As hypothesized, perceived complexity of use
and the overall product satisfaction both have a negative impact on the purchase intention;
complexity has a direct effect of -0.124, whereas satisfaction has a direct effect of -0.130.
However, both constructs have a rather strong indirect effect on purchase intention through
the perceived usefulness construct (-0.396, -0.314).
The feature fatigue construct shows the expected results as well: It has a negative influence on
product satisfaction with an effect of -0.187 and a positive effect of 0.145 on the perceived
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R² = 0.556
Notes: ***: p<.01; **: p<.05; *: p<.1; (ns): not significant; two-sided test.
t-values obtained from bootstrapping re-sampling with 500 samples and sample size 120.
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usefulness. Concerning the product capability and the perceived product customization very
interesting observations can be made: Both constructs have a positive effect on product
satisfaction (0.258, 0.243), as well as on the perceived usefulness (0.244, 0.199), even though
product satisfaction has a negative impact on the usefulness. This result supposedly shows
that there are two different mindsets concerning the influence of the level of satisfaction with
the current product on the perceived usefulness of purchasing a new product with an
embedded toolkit: On the one hand there are customers that have highly customized products
with many features. The product meets their needs and the level of satisfaction is high as well
and therefore they do not deem an embedded toolkit useful, as they already have reached a
high level of satisfaction. On the other hand there are customers that already showed an
interest in customizing products, because they have a highly customized product with lots of
features. These customers still consider an embedded toolkit to be useful, because such a
system would enable them to customize their product even more and better manage the
variety of features their product offers.
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Discussion
Implications
Our research demonstrated the acceptance of embedded toolkit technology among customers.
We also could outline the antecedents of a possible purchase intention among customers. The
strong influence of the enjoyment construct and the positive effect of perceived product
customization on the perceived usefulness show that the experience of customizing the
product with the help of an embedded toolkit itself might be a reason for purchase intention.
Customers obviously perceive the process of using the embedded toolkit as entertaining or
amusing and would be willing to purchase the toolkit based on hedonic reasons.
Another main driver of purchase intention seems to be dissatisfaction with the current
product. Customers are not contempt with the product and its feature load; this dissatisfaction
might be due to an overload of features and the resulting feature fatigue or it could result from
a lack of preference fit. In both cases an embedded toolkit seems to be a viable solution for
the respondents. Those customers that are overstrained by the feature load could use the
embedded toolkit to reduce the number of features, whereas the other users could use the
toolkit to create a feature configuration that better suits their preferences and needs.
As mentioned above, 22% of the respondents have already made modifications to their car
without the opportunities that an embedded toolkit could offer. Assuming that more people
would be willing to make modifications to their vehicles with an embedded toolkit at hand
and considering those people that would like to use the toolkit to reduce the feature overload
that they experience, it can be stated that a relatively large percentage of the drivers would be
willing to use an embedded toolkit. However, the strong negative influence of perceived
complexity on the perceived usefulness and the purchase intention shows that the interest in
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an embedded toolkit can only be assumed for a toolkit that is not too complex to use for the
customers.
The result of this study should be regarded as a customer request for systems comparable to
the embedded open toolkit concept presented in this paper. Even though there seem to be
different motivations, users are obviously interested in products that offer the possibility of
differentiating a product in the user domain. Hence, industry needs to catch up to these
demands and develop respective systems. This paper offers manufacturers interesting results
as a starting point for such an endeavour, especially for the automotive industry. The
formative perceived usefulness construct actually points out those subsystems that the
customers deem to be suited the most for the integration of an embedded toolkit. Adaptability
of the chassis, the cockpit, or the electronic control units seem to be especially interesting for
the users. The perceived usefulness for an embedded toolkit with influence on the engine or
the communication and infotainment services was still significant, but not as strongly
pronounced as the former sub-systems. The result showed no significance for the seat
subsystem and especially for the car body and the ambience system.
Limitations and further research questions
Certainly there are several limitations to this study and the two most relevant issues will be
discussed exemplarily. First of all, further research has to strive for generalizations. The
proposed results need to be cross-validated in other product domains.
Furthermore the PLS method is not without criticism. Its ability to fully account for
measurement error depends on the "consistency at large" condition for reflective constructs
and is not given for formative constructs. Future research would clearly benefit in terms of
rigour if the facets of utilitarian customization value were operationalized by multi items
measures and covariance-based SEM would be used to estimate the structural paths. The
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advantage of consistently accounting for measurement error has to be outweighed by the
greater burden placed on respondents in answering the multi item scales.
In conclusion, to our best knowledge this was the first attempt to develop and test a
comprehensive structural model that researches the user acceptance of the embedded toolkit
concept. The study is only a first step in the research of embedded open toolkits. Knowing
that customers generally accept the embedded open toolkit technology  and maybe even have
the intention to purchase such a system, further research needs to show that the realization of
embedded open toolkits could be a valuable source of customer need information for the
manufacturer. Further research needs to prove that the customer need information that can be
retrieved with the use of embedded toolkits is different or more valuable than the insights that
companies can from other established market research methods. Realizing the concept of
embedded toolkits will most likely cause additional cost and effort for a manufacturer and this
effort needs to be balanced out with an increase in customer need information. Future research
needs to find out whether the embedded toolkit concept can deliver that increase in
information in order to pay back for the additional effort that its realization causes.
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Abstract. The main goal of this work is to present author’s ideas and experience in
providing direct customers’ participation within the modular product design and
development process in form of “a pre-sale service”, based on the use of Virtual Reality.
Possibilities for product individualization implementation through some recently used
Virtual Reality technologies are given and discussed. Further an experimental prototype
of a Virtual Reality product configurator, working in both web based and immersive virtual
environments is presented.
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Introduction
The approach for the direct customers’ participation in the product design and
development process by expressing their preferences allows customers to be
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actively involved already in the early stages of the product development, e.g.
product definition, rather than passively receive the end product designed by the
producer. The customers’ knowledge and direct participation in the design
process leverages product and product related information, facilitates marketing
research and brings different customers’ attitudes towards buying decision
making.
In recent years, developments in the field of IT have made it possible to build
interactive 3D models of objects and complex 3D Virtual Environments (VE) that
can be experienced trough the Web, using common, low-cost personal computer
work stations or through specialized Virtual Reality projection facilities, enabling
high level of immersion. As a result, 3D content is increasingly employed in
different Web application areas, such as education and training, e-commerce,
virtual communities etc. However use of such 3D applications with integrated
Virtual Reality (VR) functionality is still not so popular for solving real world
engineering problems. In the past the implementation of Virtual Reality was not
an easy task. Normally it required significant investment in equipment and highly
qualified personnel. This prevented for a long time the widespread use of VR in
research and industrial communities. However, today the situation has changed
and VR is accessible due to the enhanced graphic capabilities and reduced prices
of the modern hardware allowing the use of PC-based techniques, also called low-
cost VR, bringing the Virtual Reality to a usable level for people with basic
technical computer skills and limited resources. This allows integration of VR
technologies within a product individualization process trough direct involvement
of potential customers.
Using Virtual Reality in Product Development
The decisions made in the initial product design stages predetermine up to 80% of
the cost of product development and manufacture. 92% of communications within
the design process are graphically based. Thus, efficient graphics communication
tools can improve significantly design and decision-making processes. Presently
most common practice is the use of conventional CAD tools such as 3D-
modelling and computer graphics packages (e.g. CATIA, ProEngineer, UGX,
SolidWorks). However, this practice enables users to examine 3D models only
“from the outside” on the flat computer monitors. Actually, the models and the
viewers are in different realms (Seth and Smith, 2004). Recently this situation has
been significantly changed by the application of Virtual Reality (VR)
technologies within design and development process.
Virtual Reality (VR) is an exciting and contemporary emerging area of
computer graphics, supporting communication and collaboration within product
design stage.  As a high-end user-computer interface that involves real-time
Product Individualization by the Customer through Virtual Reality Integration
Submitted to 5th World Conference on Mass Customization & Personalization MCPC2009 3
simulation and interactions through multiple sensorial channels as defined by
Burdea and Coiffet (2003), Virtual Reality creates an altered sense of immersion
in the virtual world, representing a replica of the native environment of the
designed product. Further Virtual Reality models are interactive enabling users to
explore the virtual space in order to gain a greater understanding and collect
experience on early product design stages. A number of special input devices are
available for VR applications, from head position trackers to data gloves, which
can provide a high level of interaction between user and environment through a
number of senses: sight, sound, touch etc.
VR has proven to be an effective tool for helping engineers to evaluate product
designs (Seth and Smith, 2004). The stereo image facilitates perception of the
spatial relationships position in 3D product models, which enhances users’
understanding of a design. 1:1 representation of the complex 3D structures
ensures that viewers can perceive distance and spatial relationships between the
different components more realistically and accurately than with conventional
visualization tools.
Several major industrial companies, coming in particularly from the
automotive and aerospace industry, have integrated VR technology into their
design or production processes (e.g. BMW, Daimler, General Electric etc.). In
this way following advantages have been achieved: (i) reduced number of
physical product mockups needed; (ii) improvement of the overall product
quality; (iii) obtaining quick answers, in an intuitive way, during the concept
phase of a product; (iv) enhancing communication flow and improving
collaboration; (v) streaming up the design process and (vi) significantly reducing
cost and time to market.
Web Based Virtual Reality
One of the possible and widely used ways for direct involvement of the
customer within virtual product development process is the use of 3D Web Sites.
A common idea behind this is that the 3D model of the product over Internet
could enhance communication and collaboration between customers and the
product developer, located in geographically dispersed places, enabling full
product customization. The customers could select some of the product features
and their correspondent parameters using a virtual model of the product and the
standard web controls.
In general, a virtual product model contains data that are used to render a 3D
digital world in which the customer could navigate in real-time and interact with
the objects located therein. The user could “explore” the virtual product in 3D
space from different angles and with different resolutions and could also interact
with the product to trigger animations or simulations showing the dynamic
Product Individualization by the Customer through Virtual Reality Integration
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behavior of the product such as the assembly or disassembly sequence, working
operations and movement, and so on.
The web sites containing VR functionality can be divided into two basic
groups: (i) sites that display interactive 3D models of objects directly embedded
into Web pages, and (ii) sites that are mainly based on a 3D virtual environment
which is displayed via plug-in inside the Web browser. In the first case, the
primary information structure and user’s interaction methods are still based on the
hypermedia model, with the additional possibility of inspecting 3D objects. In the
second case, the primary information structure is a 3D space, within which users
move and perform various actions.
Beside the possibility for immersive 3D experience of the content in case of
use of special hardware (e.g. stereoscopic projection schemes, data glove, flying
stick), 3D Web content normally is experienced with the common I/O (CRT or
LCD monitors, keyboard and mouse) allowing more realistic representations in
comparison to the classical web content and enabling customers to inspect,
manipulate and customize products before purchasing, as they are accustomed to
do in the real world (Brusilovsky, 2004).
Technologies for implementation of 3D Web sites are based on the common
used technical and architectural solutions typical for the “conventional” web. The
content, represented in a proper format, is stored on a server, requested by a
client, through HTTP, and displayed by a browser, or, by a plug-in for a Web
browser. 3D content can be integrated with other kinds of Web content such as
images, sounds, videos inside a 3D VE accessible through the Web.
For implementation of 3D Web following two main open ISO standards are
used: VRML and X3D. VRML (Virtual Reality Modeling Language) is most
known and used technology for building and delivering 3D Web content. VRML
documents are text files that describe 3D objects and 3D virtual environments
using a hierarchical scene graph. VRML defines different node types, including
geometry primitives, appearance properties, sound and video, and nodes for
animation and interactivity (X3D 2004). Recently a new ISO standard, called
eXtensible 3D Graphics (X3D) (W3C Recommendation 2006), has been proposed
as a successor of VRML. X3D inherits most of the features of VRML improving
upon VRML mainly in adding new nodes and capabilities, mostly to support
advances in 3D graphics techniques and hardware, such as shader glasses etc.
Besides open ISO standards, there are many other (non-standardized)
technologies for 3D on the Web. The best known examples are probably Java3D,
an extension of the Java language for building 3D applications and applets, and
Shockwave 3D from Macromedia. Access to VRML/X3D Web content is
possible through one of the available Web browser plug-ins, such as Octaga,
Parallelgraphics Cortona and Mediamachines Flux player.
From special interest for developing Web VR application is the 3DVIA
Virtools authoring platform of the French Dassault Systems. This solution
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initially intended for developing and deploying 3D experiences on personal
computers, game consoles and the web etc., is recently applied in product design
and engineering. The open-ended architecture of Virtools supports a wide variety
of 3D formats. 3D Content Capture plug-ins support most commonly used DCC
software formats (3ds Max®, Maya®, XSI®, Lightwave®, Collada®) for
importing/exporting 3D XML files, making real-time 3D technology easily
available. Based on the newly developed Product-Context-Scenario (PCS)
paradigm, Virtools allows users to imagine, share and experience highly
interactive 3D content. Virtools development system considers 3D objects as
individual components, independent of the data associated with them. The
resulting architecture is flexible, allowing developers to attribute modular
behaviors to objects and manage them efficiently. Developers drag and drop
behaviors in an intuitive Graphical User Interface to create complex applications
with the high-quality graphics and interactivity. The SDK and the Virtools
Scripting Language (VSL) available with Virtools enable programming of custom
behaviors and access the API.
Virtools includes five key components: (i) the Graphical User Interface to
develop applications by visually assembling objects and behaviors; (ii) the
Behavior Engine to run interactive applications; (iii) the Render Engine to render
graphics in real-time; (iv) the Virtools Scripting Language to create low level
specific functions without writing any C++ code and (v) the SDK to create
custom behaviors. The additional VR Library is an add-on for Virtools that allows
developers to create totally immersive, full-life experiences using industry
standard VR peripherals and/or PC based distributed computing (clusters). The
VR Publisher enables the deployment of compositions created with the VR
Library. It features remote controlling and logging facilities as well as appropriate
configuration and management tools for the administrator and the end user.
Product Development by the Customer trough Virtual
Reality
In our research we have combined the principles of the systematic engineering
design (Pahl and Beitz, 2000) with some Web and Immersive VR technologies in
order to provide the direct participation of the customers at very early stage
within the product development in form of a pre-sale service for SMEs.
We have adopted a structured work flow based on systematic decomposition
and generation of the product structure with direct involvement of the process
based on our previous studies and experiments in the field of customization and
individualization (Tudjarov and Bachvarov, 2009) additionally enhanced through
integration of Virtual Reality technologies (Figure 1). It comprises five sequential
stages which can be described briefly and extremely simplified as follows:
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(i) Within the first stage the “Voice of Customers” (VoC) is captured and
stored trough interaction in a VR working environment (web or immersive); (ii)
The captured data are processed, analyzed, “translated” and structured in form of
engineering specification; (iii) On the ground of the obtained results, the
particular predetermined in the product platform modules are selected, the value
ranges of their parameters are identified and the possible product configurations
are generated (automatic or manual); (iv) Within next stage a selection of an
optimal product configuration for the specified requirements and constraints is
made (automatic or guided). (v) Follows a validation stage, where the found
optimal configuration is validated against the identified customer’s preferences
and the relevant data are stored in a database for further use and modification.
Further the individualized bill of materials, technical and engineering
documentation and guidelines, program code for web-presentation of the new
developed product configuration are generated at the end of each working cycle.
Figure 1. Structured systematic work flow for systematic product development including direct
customer involvement through Virtual Reality.
The core component for realization of the proposed systematic work flow
involving customer within product development process by Virtual Reality
support is the VR configuration module which has to cover all the above
mentioned stages. At higher level such a module can be observed as an integral
part of the “Customer Relation Management” (CRM), which stores and manages
the information about customer’s needs, requests and advices of the producer.
The VR configuration module is responsible for the real-time realistic 3D
graphical representation of the designed product and its native working
environment within the configuration and development process. Customers are
presented a wizard or working environment, in which a set of predefined product
attributes (which could be freely set up) and their possible values are presented
for selection and modification. In this manner the customer is directly involved
(i) Customer needs
capturing trough
interaction in Virtual
Reality
(ii) Customer needs
translation
(iii) Generation of the
possible product
configuration
(iv) Selection of the
optimal solution
(v) Visualization and
Validation
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within configuration process not only trough the common operations, but is
provided  with additional extended functionality typical for Virtual Reality
applications (e.g. functional interaction, manipulating and exploration of the
virtual product model using turning, aligning, flying, driving, scaling, zooming,
cutting, altering transparency, etc.) and additional augmented information. The
VR configuration module provides as feedback in both the web-browser of the
customer and in an immersive VR facility not only the appropriate graphical
representation of the newly developed product, but the model of the product
installation and operational environment and interfaces, animation and simulation
of the systems action and dynamical change of the model parameters.
Experimental Results and Discussion
In order to study the technological feasibility and possibilities for integration of
Virtual Reality functionality for direct involvement of the customer at the early
stages of the product development and to validate the user interface and
operational sequence an experimental implementation of VR configuration
module for building individualized configurations of modular products on the
example of booths was developed. The booth is observed as a representative,
neutral and simple modular product with well known structure allowing
significant number of diverse configurations which complexity is enough for the
purposes at this stage of our research. As development platform 3DVIA Virtools
was chosen. The configuration module can works in two operational modes: as a
web application directly in a common web browsers (e.g. IE, Mozilla Firefox,
Google Chrome etc.) and as immersive VR application using high-end
visualization power-wall projection scheme (Figure 2). If it is used as web
application, the 3DVIA Player plug-in shall be installed in the client’s browser.
The application has its own user interface consisting of different elements such
as button groups and information bars (Figure 3). Booth setup using the
configurator is easy and intuitive. At first look the virtual environment consists of
? checkered floor. Each square is of 1x1 meter, so the user has orientation for the
size of his scene and the objects in it. The camera is always active and the user is
able to see every part of the scene. If he “gets lost”, there is a possibility to reset
the initial state of the camera. By initial pressing of the functional buttons the
application provides some voice information explaining how this function works.
This explanation appears in the information bar too.
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Figure 2. Schematic presentation of the used high-end visualization power-wall projection system.
A possibility is provided for importing of the already arranged booths. In this
case the user has only to customize the modules and send the order.
Figure 3.  GUI of the VR configurating module (web
application)
Figure 4. The typical working sequence
The typical working sequence when using the configurator is shown at Figure
4. Initially the user imports the base product modules, e.g. walls, floors and other
parts, to build-up the housing. Than the modules can be moved, rotated, scaled,
resized, aligned etc. Important is the orientation for the directions left, right, back,
front (the x, y, z axes) – they are connected with the initial camera state. Import of
additional objects like furniture, appliance and accessories from the catalog is
performed during the next step. Then the user can experiment with a lot of
combinations of how to place the objects. Subsequently follows the
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customization/ personalization of the imported objects in terms of applying
colors, material textures, pictures and multimedia in the scene. When the scene is
completed and the customer is satisfied with his project (Figures 5 and 6), a list
containing all modules with all their attributes (bill-of-materials) could be
generated. The project can be saved and automatically sent to the company for
approval and order confirmation.
Figure 5.  Finalized product configuration (Web
VR application)
Figure 6. Finalized product configuration
(Immersive VR application)
The VR configuration module can work on an immersive VR scheme with
single projection wall for stereoscopic visualization and enabled tracking system
(Figures 2 and 6). A computer cluster of 3 PCs (one master and two slaves) with
quad core CPU is built under Windows 2003 server environment. The master
computer calculates, controls and synchronises the virtual environment projection
and data stream from the special interface devices and the tracking system and
“feeds” the slave PCs with data for the stereo projection. They have a dual-pipe
graphic cards connected to vertically-stacked within a metal frame DLP
projectors with resolution of 1024x768 which provide the image for the right and
left eye. The projectors have a built-in test pattern that can be turned on for
adjustment of vertical keystoning. An external linear polarizer is put in front of
each projector. The image is rear projected on a semi-transparent acrylic power
wall, the result is viewed through a standard (polarized) 3D glasses. As interface
device beside the conventional mouse and keyboard a Wii remote controller is
used (Figure 6). Due to the different interactions in immersive VR the GUI has
been slightly changed (Figure 7).
As demonstrated by the photos the immersion within the virtual environment
allows the customer to simulate and “experience” most of the functions of the
product at the very early stage in the development process, far before its
“materialization” validating  its properties and features more realistically in
comparison with the common used product configuration tools  . Further the
customer is allowed and graphically supported to modify freely the product
structure and attributes using the special visual intensive operation provided by
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the implemented Virtual Reality technologies. There is no need for any additional
training of the user since the preliminary programming of behaviors and
functionalities for the single modules enabling integration of additional implicit
knowledge directly in the virtual environment. This ensures extremely easy and
intuitive configuration with real time feedback of highly individualized products
perfectly matching its special needs and requirements.
Figure 7.  VR stereoscopic immersive and photo realistic vizualization of the product
configuration  in a 1:1 scale
Conclusions and Outloock
It is obvious that direct customer participation at the early stage of the product
development process benefits both the customer and the producer. It saves time
and money, reduces the engineering effort in respect to solving the design
problems, improves the quality, changes the attitude of the customer towards the
product and this way facilitates the product market realization. The recent Virtual
Reality technologies, implemented as both web and immersive applications,
particularly can “amplify” and leverage such an involvement.
At this research stage the described experimental implementation of a VR
configuration module has fulfilled its purpose, validating and studying the VR
functionality, its technological feasibility, user interactions, working flow and
some interface issues. However, it has a lot of limitations. The most important is
that so far there is no implementation of any additional algorithms and integrated
knowledge for product architecture setup, automatic interface check of the
combined product modules and multi-objective optimization of the designed
product configurations which are important components of the above mentioned
approach for customer involvement within product configuration and definition
process.
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The obtained results found a solid basis for further research and developments
for using more efficiently the Virtual Reality within the development of
individualized modular products.
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Introduction 
I will begin by addressing the following question: How can a space be designed 
from functional point of view? Before I can answer this question I will consider 
the meaning of function in the context of architectural studies. How is the 
architectural view represented itself in buildings and spaces? At the end of the 
article I will present another point of view regarding architectural design. This 
proposal is a concept of space which indicates how a building can be designed 
according to the actions of people and not determined by typical categories of 
space such as ‘kitchen’ or ‘bedroom’. The proposed concept is based on my 
dissertation ‘Space within Space. Liturgy and Space in Dialogue at the Altar’. In 
this dissertation the organisation and transformation of altar space in the modern 
Evangelical Lutheran Church of Finland (1962–1999) was examined from a 
liturgical and architectural perspective.1 
Form follows function 
There is a very well-known saying: “Form follows function” attributed to Louis 
Henri Sullivan (1856–1924) or indeed “function follows form” in the words of 
Ludwig Mies van der Rohe (1886–1969). Moreover, the term function has been 
understood in several ways, perhaps because the meaning has been unclear. The 
term ‘functionalism’ is understood in general, and defined as a functional act. In 
some cases the term ‘function’ has been determined too narrowly and the analysis 
has been unfinished. These facts may offer us reasons for understanding 
functionalism more like a style than a method which can solve problems.2      
 What is meant by this? Let us take an example. In early 1930’s Finnish 
architecture there were a divided group of architects designing churches. They 
had a disagreement of style regarding these buildings. Modernists, so-called 
‘functionalists’, wanted to design churches in a functional manner but there was 
one problem: How could they define the function of church when belief is an 
abstract act? They resolved that a church should be designed like a concert house 
because of the actions of the parish in playing the organ and singing psalms. This 
displayed an interpretation of function by music and shows that a perspective for 
design categorized the building by a function of acts.3    
 The term 'function' is understood in this article as a functional manner and a 
tool for house and space design. The function is defined from the acts of 
individuals, happening in some frame of space. The function is relative to 
something. Usually, ‘relative’ has meant between ‘an individual and their act’ and 
                                                 
1 Dhima 2008. 
2 Periäinen 1967, 38–39; Eskola 2005, 118. 
3 Periäinen 1967, 38. 
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‘a space’. Space is determined functionally when an individual and their act 
receive support from the surrounding area - space.  
Defining space 
Research has studied space in several ways. There has been an ideological, art 
historical, sociological and contextual viewpoint for space for example.4 These 
examples of research are focused on searching for values which have been 
reflected in a space or interpretations of values in a space. There are also many 
pieces of research which have been done from a psychological point of view or 
have used semiotic theory, and a few items of research which are focused on form 
and shape.5 Several architectural studies are considered more in terms of a 
building or zoning map than through a theory of design or the analysis of interiors 
and the behaviours of individuals in acts. 
The design of space has been conducted in the same manner for a long 
time because conventions of building have been the same.6 Instead, materials and 
technical possibilities have increased the scale and number of spaces. Modern 
churches, for example, have a larger than a church hall (includes chancel), 
sacristy and entrance when compared to the Middle Ages. A parish centre 
includes many spaces for several activities and the church hall is one space 
among the others. At the same time, the design of space has shifted from stable to 
dynamic form. The dynamic nature of space has meant fewer fixed pieces of 
furniture versus movable items. Spaces have been made to be movable and 
unfixed, often with walls which can be opened and closed as the need arises. 
However these developments do not solve all of the problems in the design of 
space. 
 Movable pieces of furniture and walls can solve spatial problems in theory 
but it doesn’t necessarily mean the same in practice and everyday life. Usually 
people are too lazy to change the order of furniture. As was already mentioned in 
my dissertation regarding altar areas, the research indicated that the pieces of 
furniture have a fixed order. In certain instances, fixed furnishings had been 
substituted by movable pieces or, moreover, new pieces of furniture and 
paraphernalia such as musical instruments, pieces of art, tables, chairs and plants 
were brought in. It is worth considering if the altar area had been planned in the 
beginning in a fully functional manner, whether there would be any need to bring 
in new pieces of furniture or objects. So, the point of this means that functionalist 
architects’ thoughts of church function cannot be determined only by music.  
                                                 
4 Hillier & Hanson 1982; Eräsaari 1995; Reijonen 1995; Lefebvre 1991; Casey 1996; Arlander 1998;  
Eräsaari 1999; look also Homsi 2004. 
5 Ching 1979; Stenros & Aura 1984; Stenros 1992. 
6 Leiviskä 1976, 32. 
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All in all, the tendencies of the liturgical movement in the western church 
have had a notable effect on the altar space.  
Actions and restrictions 
Design of space can be problematic if space is defined too narrowly. As was 
already pointed out, the functionalist architects have aimed to design a church 
along the same principles as a concert house. The function of a church in worship 
is much more than just singing psalms or playing organs though. By looking at 
the order of worship we can see that the worship also includes praying, reading, 
participation in the Eucharist (which means eating bred and drinking wine), 
walking and standing for example.  
 Figure 1 displays the order of Mass in the Finnish Lutheran Church, a 
liturgy of church service. There are four parts in the worship which are the 
introduction, word, Eucharist and ending which have been marked with icons to 
indicate the related piece of furniture in the altar area. The colours of figure 1 
show the user of a piece of furniture or instrument and the order of their use. 
Figure 1 points out the parts in which the organ is played, and it can be seen that 
the icons of the altar or the pulpit are used much more often. 
 This example shows that a space cannot be designed by only copying that 
which has been done before. Indeed the meaning of function would need to 
observe the needs of acts and specifically the needs of users. One space will 
usually have several needs. Because of that, the space cannot be defined by one 
act alone, and design must take into account the other users of the same space and 
be aware of their role. 
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Figure 1. Order of Mass.7  
Acts of the Mass Piece of furniture / 
instrument 
1/1a 1b 2 3 4 
1. Introduction       
Bless   /        
Say introduction words   /          
Confession   /    /        
Read Psalm    /        
Kyrie   /        
Gloria   /    /        
Pray  /        
2. Word       
1. Read text of  
the Old Testament 
       
2. Read text of  
the New Testament 
       
Read a Gospel    /        
Give a sermon    /        
Credo  /        
Prayer of intercession        
3. Eucharist       
Pray (of  Eucharist)       
Pray (Pater noster)       
Pax (piece)       
Wish peace       
Say words of Eucharist       
Invite       
Offer bred       
Offer wine       
Say ending words       
Pray (of  thanksgiving)       
4. Ending       
Praise   /    /       
Bless   /        
Send   /        
 
Altar  Pulpit  Baptismal  Organ  Lectern  
1. Pastor   2. Pastor    Church social worker    Cantor    Member of church   
 
                                                 
7 Dhima 2008, 140. 
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Conceptualizing space  
In this article so far we have claimed that the principles in the design of space 
have not changed even though there is an increasing need to design spaces which 
are different than before. Architecture is still done by classifying types of spaces, 
such as a ‘school class’ instead of designing space which supports actions such as 
studying and learning. I think that architectural design should arise from user 
activities and needs and that such a conceptualization of space can work as a tool 
for creating architecture.  
 In the process of conceptualizing space the space is understood from the 
perspective of acts which have order - just as the Mass has a liturgy. To define the 
order of acts one needs to know of the events that take place in the space. The 
actions of the event should be listed in parallel with the process of the event from 
the beginning to the end. There is also a need to define the participants of the 
event as users and to take account of the different roles these users may have. The 
users can have several roles in an event and those should be defined. The 
viewpoint of conceptualizing can be shown from a main user standpoint which 
must be determined first. By switching the main user one can change the 
perspective and the emphasis of different elements of the event. 
 Different roles are determined from within the event and there is a need to 
notice all of the actions in that role. A person plays a role with a certain amount of 
functions, like a cast in a film. In practice the conceptualizing space I have used 
can be viewed as stops and stations in the image of metro map. The stops and the 
stations are parallel to the actions of one event. In that case the event is a platform 
or space for all activities and individuals in the roles.  
I have used a party as an example of concept with a clear beginning and 
end (figure 2). A case party is chosen for the event (for example) and there is list 
of activities which belong to the party. For example, actions may be to make a list 
of guests, invite them to a party and send invitations, buy or order food, set a 
table, welcome the guests, drink, serve up, have a dinner, converse with the 
guests, enjoy a performance or dance, say goodbye to the guests, clean and give a 
thanks. The party’s cast roles are a party’s host, service and guests.    
 The tendency towards mass customization will occur when the roles and 
situation of the affected persons are taken into account. When people and their 
roles are studied in the different situations, more knowledge regarding the needs 
of the customer will be gained.8 Their differing situations will be seen to relate to 
one another, and by understanding the relation of these situations a space can be 
created that is functional and supports the actions in question. The course of the 
event could be made in many ways. The needs and wishes of the customer are 
defined by the relation of the resultant situations. The process of conceptualizing 
space will help to respond to the customers' requirements and their demands in 
the various situations.  
                                                 
8 Tseng & Piller 2003; Ahoniemi et. al. 2007.  
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Figure 2. A party case example. Each different icon signifies an action from beginning to end.  
By a process of conceptualizing space it is possible to notice the demands of an 
event and to create guidelines for architectural space. So far functionalism has 
been understood as a matter of determined space and function. In that sense the 
analysis of acts is missing and because of that a design is based more on a fiction 
of user behaviour in space than in reality. Spaces have seldom been created for 
one act and a defined name for space can restrict a vision of design.  It is possible 
however that a position of architecture can develop more user centred design. We 
will find out whether it does in the future. 
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Abstract. Extremely variable customer demands and increasing competition require a
fast and efficient product development. Especially the industry for machining parts is
forced to give an accurate estimate of costs and delivery time besides an forecast of the
feasibility immediately to gain a lead over competitors. With the Standard for The
Exchange of Product model data STEP, the international standardization organization
provides a standard with specialized application protocols (AP) for the integration of
application systems from different fields of product development. In our long term
research we are going to generate manufacturing variants using genetic algorithms
under respect of a configured virtual factory environment. Therefore we require an
application protocol specific interface for the integration of the STEP exchange structure
from the physical file into the logical software layer. Especially for the generation of
process variants we prefer AP 224 - Mechanical Product Definition for Process
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Planning Using Machining Feature. This paper gives an overview of our model which
supports and enables mass customization and presents an approach on how to generate
programming language dependent source code from the formal modeling specification
language EXPRESS using the example of AP 224 and C#-.NET. This is then used for
automated process planning as part of the integration of process- and production-
planning.
Keywords. Product development, Feature technology, Automated process planning,
Product model data exchange, STEP
1.Introduction
Fierce competition and competitve pressure are a vehement challenge for global
acting companies. Masses of variable customer demands require cost estimates as
fast and exact as possible during preliminary stages to optain potential orders and
execute them cost-effectively afterwards. Especially in the area of machining parts
very individual types of customer inquiries are possible on a massive scale. If there
were already developed similar products then product developers and designers
can perform an intuitive estimation. Otherwise time-consuming analysis and
plannings are required that occassion not only costs but also include risks of
miscalculation.
The structures of enterprise resource planning systems or rather supply chain
management systems are most inflexible for this kind a problem. A very fast or
maybe completely automated response to inquiries is only possible, if similar or the
same orders were already executed and required parameters like effort, accruing
costs or available ressources are already known. To stay competitive in the future,
it is required to reply precise to innovative inquiries in a timely manner.
For a fast estimation and of course for optimizing the whole development,
products are not only designed in a geometric manner but also the product models
are extended with additional information. In this context we focus on providing
required information during the whole product lifecycle to achieve a complete
integration of different applications.
In the scope of product design and product modelling the feature technology is
a very promising approach. Combined with the Standard for The Exchange of
Product model data (STEP), a standardized solution for the integration of
different application systems within different areas is specified by the International
Organisation for Standardization (ISO). Therefore STEP provides different so
called Application Protocols (APs) for specialized application fields. Beside
providing product information during the whole product lifecycle, individual
application protocols can support and accelerate the whole product development.
For us, the AP 224 Mechanical product defintion for process planning using
machining features plays an important role. Products are developed by
interpretable features and product data is exchanged in a standardized manner with
STEP or Xml files.
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Additionally in the area of process planning we need advanced product models
for developing products faster and more effectively. In this paper we present our
idea for providing quotations automatically in a huge number by using STEP.
Therefore this paper is organized in the following way: First we will deal with
present problems relating to the whole product lifecycle and especially the phases
of product design and development in section 2. Afterwards we are going to
present an introduction into STEP in section 3. Finally we describe our current
work in section 4.
2. Background
2.1 Product Lifecycle Management
The efficent configuration of the information flow and the providing of required
information at the right time on the correct place is an essential factor of success in
many departmends of manufacturing companies. As mentioned before product
information is required during the whole product lifecycle. In the area of
machining we find masses of inquiries for specialized parts daily. First the product
is designed and developed relating to customer demands. Espacially in this
development phasis design data occurs which is a fundamental starting point for
operations scheduling and process planning.
Particularly during the product development designers and developers should
also consider the following phasis of the product lifecycle for an optimized
conjunction. Ehrlenspiel (2005) emphasized in this context that developers do not
respect this requirement in practice. The developer should be responsible for co-
determination of the whole process chain and not only for the design and
development stages.
Respecting the circumstances that there are different acteurs with different
demands concerning required information it is obviously, that an optimized
product data exchange between different context-sensitive applications is essential
for an efficient product development. Because of different point of views, on the
one side a continuous integration of product data is required, but, on the other side
it is very difficult to realize.
This problem is primarily caused by several application systems in various
application domains. There can be disruptions of the representation of information
because of missing integration technologies or incompatible quasi-standards which
causes information loss, information corruption or misinterpretation. Otto (2008)
addresses for instance consistency breakdowns because of distinct object
specifications and data models.
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Product data management (PDM) systems support the product lifecycle
management because they facilitate the administration of product information in
different contexts and provide required data on demand. With PDM-systems we
can integrate and coordinate various systems and actors of the development
process. Mostly product data can not be used continous in different applications
but has to be assumed manually, for instance if we require part information from a
technical draft for creating process plans. PDM-systems are the first step of an
integration for collaborative and concurrent development on a central platform.
For a fast and efficent product development continous data integration is
absolutely essential.
2.2 Product design and development
Design is a building block of the product lifecycle for developing new products or
optimizing existing ideas. It pursue the goal of creating the description of a new or
optimized product. It does not matter how the designer goes ahead. The only
important aspect is the result of his work. For instance, to represent a new design
draft a simple pencil sketch can be sufficient (Cross, 2000). For reducing costs and
including opinions from experts that are responsible for the later realization a
concurrent integration of following development phasis during this stage is
essential. Cross (2000) also mentioned that a huge amount of decisions made by
designers are intuitiv or relies on experience. These decisions are not mapped into
tradional product data models although they are constitutive for realizing a
product and first of all an effective process planning.
During the last decades virtual product development became more and more
important. As a consequence many Computer Aided Design (CAD) systems came
up to stay. Many companies compete with each other in this sector. Sendler (2008)
mentioned that the most famous CAD system called Autodesk was developed by
AutoCAD. Next to this there are several others like ProEngineer, CATIA or
SolidWorks. Beside these many quasi-standards were developed for the exchange
of the product model data. In this scope the Initial Graphics Exchange
Specification (IGES), the Drawing Interchange Format (DXF) or the Verband
der Automobilindustrie- Flächenschnittstelle (VDAFS) became popular.
These and many other file formats focus only on the exchange between CAD
systems. This circumstance hampers the communication for instance between
designers and engineers and can be disastrous during later development stages. But
consequently, existing CAD systems support primarily the collaboration between
designers. The well known systems like CATIA thereby rely on their own,
proprietary formats, but also support neutral ones like STEP. Own research shows
in this context a good representation of surfaces. The history of steps needed for
the completion of the final shape still is missing. But this history is essential, if one
wants to automatically generate process-plans from this draft. Next to an
interpretable format of the CAD-drawing, the method of developing a model is
essential.
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2.2.1 Geometric modeling
Geometric modelling summarizes a set of techniques for creating several geometric
design aspects. For instance this can be done by using CAD systems. These
product models can be used for simulation or calculation of volume, mass or
measurements.
Because of the great enhancement of computer performance, 3D computer
graphics is present in nearly all application areas today. The advantages are
perfectly obvious: With 3D technology you can simulate the construction of
assemblies and thus detecting mistakes in early stages of the product development.
You can analize expensive parts without producing any expensive prototype. For
marketing it is possible to create an illusory picture of a finished product although
it does not exist yet.
The 3D design of a product can be created for instance by different solid
modelling techniques like e.g. Boundary Representation (B-rep) or Constructive
Solid Geometry (CSG). B-rep means to describe the volume of a solid by its
defining boundary surfaces. CSG  is the construction of complex solids by
combining simple shapes like spheres, cones, cylinders and cuboids through a set
of Boolean operators.
These geometric models can be used for instance to visualize the product on a
screen or to print it on a paper for further processing. Therefore they are
fundamental for virtual product development. However, the elementary data
models are limited to the representation of geometric and topological information.
The indication of measurements has to be done by using geometric primitives like
lines and text maybe on different layers.
For the later process planning, these measurements have to be adopted
manually and can not be integrated automically to other applications than CAD
systems. That is one reason why designers can not really consider the following
phases of the product lifecycle in the early stages. Each manual integration
contains a potential risk of failures. Shah (1995) described the information
provided by geometric models as microscopic data at low level. But effective
product development requires continous product data integration and therefore
macroscopic high level data.
2.2.2 Feature technology
As mentioned before we require high level objects to provide information for the
further context-sensitive information processing by other applications than CAD
systems. Geometric modelling is essential for the virtual product development but
that is not enough for supporting the whole product lifecycle.
The solution for enhancing virtual product development are feature modelling
techniques. To put it simple, with a feature you can describe e.g. a generic shape, a
contour, a special form or some other characteristics of a product with high level
semantics. They encapsulate geometric components which are important for the
design or definition of a product (see figure 1).
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Ehrlenspiel (2007) defined features as objects for the description of workpieces
which have functional, geometric and technological properties. They can also
present specific application-oriented data like time, costs or physical properties.
Shah (1988) described features as semantically significant and distinct entities in
one or more engineering viewpoints.
Hence the corresponding shape or properties of a feature can be forecasted. For
instance a simple round hole of a part can be described by its specific parameters
hole depth and diameter. Generic properties which affect on many features are e.g.
the position and orientation of a feature.
Figure 1. Part description with features (2D view)
There are two different approaches for creating feature models to represent
several parts. In general geometric and feature models are related so that we can
describe features directly with their significant properties on the one hand and
determine the corresponding geometry for visualization on the other hand. This
procedure is called Feature Based Design (FBD). On the other hand wie can
assign suitable features to existing geometry with the so called Feature
Recognition (FR).
Furthermore there are two variants for Feature Based Design. The first variant
focuses on the removal of volume that is defined by a specific feature instance.
This concept is nearly the same like using CSG but restricted to the Boolean
subtraction.
The idea of this approach is to describe a part corresponding to a manufacturing
process. The other variant includes this approach and additionaly allows a
synthesis by features. Modeling systems that uses the FBD approach require a
library defining and providing features for instanciation within a feature model
(figure 2).
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Figure 2. Feature based design
There are two approaches for feature recognition: interactive and automated
feature recognition. Interactive feature recognition means the identification of
suitable features for several geometric aspects by a user. In general this is the
easiest approach in terms of Feature Recognition. The designer first creates the
geometric model. The second step is done with a specialized feature modelling
tool that is able to load the geometric draft.
This program allows to place features within this drawing. Ideally features can
be instanciated directly and the attributes can be determined by picking geometric
entities like e.g. points, lines, curves or edges. Attributes like material properties,
or tolerance values can not be determined by the geometric draft and therefore
always have to be set additionally. The user is fully responsible for covering the
geometric target by corresponding features in a feature model.
The easiest way does not force to replace existing geometry with features but
enables to enhance the existing geometric model. Therefore a feature only collects
some references to picked geometric objects and creates an association between
feature and geometry (Nwokah, 2001). In this way the geometric model can be
extended with features for the description of tolerances, materials and many other
semantics.
Automatic feature recognition requires very complex algorithms and procedures
for identifying features corresponding to geometric relationships without user
interaction. Most of the existing concepts are focused on the destructive method of
the Feature Based Design. In general if they can recognize a feature then they can
only recognize the attributes corresponding to geometric information.
Technological parameters like material, tolerances or measurements have to be
specified seperately any way.
2.3 Process planning
The process planning is a fundamental step for creating the physical product. A
process plan is a concrete guideline for the manufacturing process. Furthermore
process planning describes a systematic sequence of manufacturing steps for the
creation of the product based on a defined raw stock.
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Figure 3. Input and output parameters of process planning
As shown in figure 3 there are many parameters that should be respected during
the development of a process plan. Beside the pure geometry we need additional
information about the product like dimensions, material properties, tolerances or
the surface finish.
Furthermore the complete manufacturing environment has to be considered.
Incidentally required information are the available resources, especially existing
machines and their abilities. Possibly there a special laws or regulations depending
on the industry that also have to be respected. Process planning creates a
document for manufacturing a product that is satisfying all requirements in an
economic manner.
Computer aided process planning (CAPP) can be defined as a computer-based
set of functionality supporting the decisions of a process planner and the
development of a process plan. For a fast proceeding and to be ahead of other
competitors automated process planning is the key to success. The two primary
approaches are variant and generative planning (Nasr, 2006).
The variant process planning (VPP) approach is the easiest way how the
computer can support process planning. This approach is based on the concept to
use similar process plans for similar parts. Therefore the computer is a tool for
identifying default process plans corresponding to a given design. Furthermore the
manufacturing engineer has to customize the default plan for the individual part. It
assumes to classificate parts and assemblies based on their similarities in the
forefront. This grouping can be done for geometry or manufacturing steps of
similar types. Prerequisites are the development of default process plans that have
to be populated. The initial effort pays itself later caused by the reuseability of
established manufacturing steps and therefore a lower error-proneness.
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The generative process planning approach aspires to create a process plan for a
new component fully automated. Such a system gets a feature based high level
design model as input and generates complete process plans without any human
intervention (Nolen, 1989). For that reason all parameters of a manufacturing
environment have to be described and provided in a database. Such parameters are
for instance available raw materials, existing machines and their executable
operations (figure 3). Another criterion is to acquire the decision logic of a process
planner and the mapping into an expert system, a knowledge database or into the
program logic (Shome, 2004).
Figure 3. Using feature models for automated process planning
It is fundamental for such a system to use high level product models for a
complete integration of product model data to retrieve essential parameters
automatically. Features are one step to provide models that can be integrated
within different application contexts but there are still many problems caused by
the only geometric semantics of such form features.
Therefore we want to present STEP which offers a solution for both problems -
continous product data representation and integration within different contexts and
an optimized feature modeling approach we want to use for automated process
planning.
3. STEP
During the mid-eighties it was already recognized that there is a demand for
standardardized product data representation that should support the complete
product lifecycle. Therefore the project ISO 10303 - Standard for the Exchange of
Product Model Data, called STEP in short, was initiated. Since the initiation, there
are serveral international teams working on this standard (Scheer, 1997).
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The development of STEP focused primarily on working out a methodical
reference model supporting the whole product lifecycle. Hence results the
objective to cover nearly all aspects of the product data exchange between CAD
and CAM systems or further between all CAx systems in different branches like
automotive or aviation. The collaboration of international teams shall strengthen
the industrial acceptance and achieve a replacement of several existing national
quasi-standards. Another distinctiveness is the objective to describe all mechanisms
independent from any particular system in a formal manner.
The title Standard for the Exchange of Product Model Data suggests the
assumption that only the exchange takes the focus of attention but STEP is much
more. It is a complete suite of standards for the description of products in several
application contexts. STEP is fundamentally based on application protocols each
of them satisfying special demands of different industries. Because of the
international collaboration STEP could acquire many requirements from different
point of views. Furthermore there is a strong separation between aspects of
describing a product and the formal specified implementation guideline.
STEP does not only support a standardized and neutral product data exchange
but also a standardized product description, shared databases and addionally a long
term archiving.
3.1 Architecture
The ISO 10303 standard provides for the exchange during the whole product
lifecycle a neutral and computer-interpretable representation of product model data
and includes mechanisms relating to the exchange. Mainly interesting parts for the
practical use are the domain-specific application protocols (AP). This separation in
several context-sensitive protocols enables a targeted using of STEP keeps the
comprehensive suite manageable.
STEP is a solution for the exchange of product model data in a neutral format
between extremly differing platforms and computer systems. This is fundamental
for the collaboration of different industries within a common project. The standard
is divided into various parts each published separately. Hence you just have to
purchase only parts of interest.
In short the architecture can be described with five main categories of
documents. The essential part is defined by the description and implementation
methods which specify elementary fundamentals required to understand the
definitions of the application protocols. Furthermore there are integrated
ressources including building blocks for the definition of application protocols.
Another speciality of the standard are the included conformance tests and abstract
test suites. Figure 4 illustrates the architecture of STEP based on Nell (2003).
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Figure 4. Architecture of STEP
STEP defines 40 application protocols and 22 are already declared as an
international standard (SCRA, 2006). Application protocols are situated on the
highest level of the STEP architecture and they define complex data models for the
application specific description of products. Therefore they use elementary
building blocks from the integrated resources.
As already introductorily mentioned we are going to reply to customer demands
in an automated way by generating quotations especially for manufacturing parts.
Therefore we require "intelligent" product models for automated process planning.
In this scope we have identified the application protocol 224 - Mechanical
Product Definition for Process Planning Using Machining Features. This
protocol supports the providing of information required for manufacturing single
piece parts through machining operations with features. Hence these features are
so called manufacturing features. In general we can describe parts that can be
manufactured by removing volume through turning or milling operations.
Furthermore product models including AP 224 contain important administrative
and enhanced product data fundamentally required for process planning.
The first step for creating a new product is to create the corresponding design,
define several rules and specify many other functional or non-functional
requirements. In assumption that potential industrial customers provide technical
drafts based on STEP and AP 244 they can include all parameters for a complete
description of their demands and the quotation can be determined fully automated.
This enforces a common standard that both partners can use and understand the
product model. Furthermore the represented data has to be unambiguous and
consistent to avoid misinterpretations. A prospective customer sends an inquiry
with a product model to a manufacturing industry. The inquiry is registered in the
enterprise resource planning (ERP) system like e.g. SAP and an intelligent process
planning system generates a valid process plan. Afterwards this plan is committed
to the ERP system which determines a potential delivery date or the expected
costs (figure 5).
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Figure 5. Intelligent process planning with STEP
3.2 Product modelling with STEP AP 224
In contrast to design products with traditional geometric methods or general form
features the modelling degree of freedom is very limited when using features
defined by AP 224. This limitation causes the great advantage of this protocol: A
part can only be modelled with features that allow the determination of suitable
machining operations. Therefore these features are so called manufacturing
features.
Modelling with AP 224 features corresponds to the destructive feature based
design approach. Starting from a given implicit or explicit defined base shape the
designer has to describe how to remove some volume to create the final part. An
implicit base shape can be a cylindrical, a block- or an ngon-base shape.
This concept forces a change of thinking because traditionally parts are only
designed by describing their final shape. In a nutshell this modelling approach
corresponds to one variant of a real manufacturing process of a part starting from
the initial stock. Therefore this protocol defines 84 different manufacturing
features that can be used for constructing the final shape of the part.
They are classified into machining, transition and replicate features. A
machining feature describes the volume that shall be removed by machining
operations. Transition features describe a transition area between two or more
surfaces. The replicate features use an instantiated machining or transition feature
more than once. AP 224 includes also resources for the description of other
functional and non-functional aspects of a part.
3.3 Automated process planning with AP 224
As already explained you can semantically assign a corresponding manufacturing
operation to each manufacturing feature. This is essential for the computerbased
interpretation of product models and automated process planning.
Based on the semantics of all features used in a product model you can check
whether there are corresponding machines in your manufacturing environment that
are able to manufacture all the required aspects of a part. Additionally there could
be dimensional parameters that can not be managed by the available machines in
the manufacturing environment. These are the first conditions to forecast the
feasability of any given part.
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Additionally we can devide features used to define a single piece part into
dependent and independent features. Independent features can be employed
directly to a given base shape (which represents the raw material). Against this,
dependent features require to employ other features in the forefront. This could
happen if a related surface is defined by another feature or the removal of volume
is prevented through volumes that should be removed before. For instance a
chamfer could only be employed if the corresponding corner is already available.
In this case we find a set of geometric dependencies which have to be checked
before.
Starting with the base shape we can employ only one independent feature. After
removing some volume we get one or more new surfaces defining an intermediate
product that have to be respected for the next operation step because they change
geometric dependencies.
The starting point of the reasoning process of a planning tool is the set of all
required features for creating the final part. In the first step we check all relations
between features and collect geometric dependencies of each feature in a set. After
employing a feature we can remove all occurrences. To give an example we
describe a part defined by five features named F1 to F5. Dependencies are
symbolized in lists delimited by parantheses.
On assumption that we have determined all geoemtric dependencies the
following example shall be given: F1(F4, F2); F2(); F3(F4, F1), F4(), F5(F2). In
the first step we find two independent features namely F2 and F4. We randomly
select F2 then we can remove each occurrence of it. Afterwards we can decide
between F4 or F5.
If we start with F4 otherwise, then we can only select F2. Afterwards we get
the alternative between F1 and F5.  Table 1 summarizes the exemplary given
process variants. Independent features are emphasized.
Variant 1 0 1 2 3 4 5
F1(F4,F2) F1(F4) F1() X
F2() X
F3(F4, F1) F3(F4,F1) F3(F1) F3() F3() X
F4() F4() X
F5(F2) F5() F5() F5() X
Variant 2 0 1 2 3 4 5
F1(F4,F2) F1(F2) F1() X
F2() F2() X
F3(F4,F1) F3(F1) F3(F1) F3() X
F4() X
F5(F2) F5(F2) F5() F5() F5() X
Table 1. Process variants with manufacturing features
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As shown by this example there can be many process variants for the
development of a product using manufacturing features. Furthermore there can be
different machining operations for creating one intermediate product. Associated
with each machining operation we can determine the effort, costs and many other
required ressources. Another aspect is that probably one machining operation
could employ more than one feature at a time. It is obvious that we have a
combinatorial optimization problem that should not only respect geometric rules
but also other resources.
3.4 Modelling tools
The last section demonstrated how we could use specialized features for
generating process variants which is essential for a fast and effective reply to
demands of potential customers. Therefore a single piece part has to be described
with manufacturing features defined by the AP 224. Section 2.3 additionally
demonstrated the importance of a common feature library that is required for the
creation of product models and of course for the process planning system to
understand these models. In this case we require a feature library for Features of
the AP 224 to create and interpret corresponding product data.
During our researches we have analyzed different established CAD systems like
Autodesk Inventor, CATIA and PartSolutions. The results concerning to STEP
were sobering. They primarly supported product design models represented with
the AP 203 limited to the boundary representation that can not be used for process
planning in our point of view. Further researches indicated that there is still a lack
of commercial implementations. We found several publications in the university
area that demonstrated some research applications.
The problem can be established e.g. with its strong specialization and the long
term development of this protocol until it became an international standard with
the third edition published in 2006. Therefore we can infer in our point of view
that there are not such process planning tools in the commercial sector yet.
4. Implementing STEP
Based on the recognition of missing implementations and to enable standardized
product data exchange and representation for our scope we went to implement a
feature library for using the STEP AP 224. Furthermore we focused primarly on
the standardized exchange of product data modeled with this application protocol.
The reason for this was the need to create design models based on AP 224 and the
focus on the use of these models for the development of a process planning tool.
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4.1 Description and implementation methods of application protocols
The Application Protocols of STEP consist of three formal models which are
required for the implementation and application in practice. First of all each
protocol contains an Application Activity Model (AAM).
The AAM uses a specialized IDEF0 notation to describe the scope of each
protocol. Therefore these models summarize required data and information flows
by visualizing the input, control, mechanism and output of each activity.
Based on the AAM we can find the Application Reference Model (ARM). The
application reference model is a data model representing identified product data of
the application activity model. Therefore the ARM contains all required data
structures and information that are relevant within the specific application context.
Product data defined by the ARM is primarily documented with images and a
textual description. Objects defined by this model are among others the
manufacturing features. Figure 6 illustrates a small selection of some
manufacturing features.
Figure 6. Selection of manufacturing features
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Finally, based on the ARM, we find the Application Interpreted Model (AIM)
that is essential for the exchange of product model data based on STEP in a
neutral, application independent format. Therefore  the AIM uses elementary
building blocks defined within the integrated resources. Each protocol requires
only a part of these building blocks which are formally defined in a protocol-
dependent scheme.
These building blocks are so called AIM elements which are used within
reference paths to map each property of an ARM object into a neutral data
exchange structure. AIM elements are defined by the formal spefication language
EXPRESS which is part of the description methods of the STEP suite.
To give a simple example we want to describe a round hole that semantically
implies boring. The ARM describes the view of a user who associates some
parameters like location, orientation, diameter and depth.
For instance if we describe only the depth of the hole we need nine AIM entities
for the mapping into the neutral exchange structure. Figure 7 illustrates the
reference path required to describe the hole_depth of 12.5mm within the neutral
exchange structure1.
Figure 7. Reference path hole_depth
As partly shown in figure 8, these AIM entities are directly mapped into a
STEP exchange file. Entity #1 represents the round hole and the entities #9 and
#10 map the measurement and unit of the depth. The other entities are part of the
complete reference path.
1 These examples were constructed with Graphical Instance published by EuroSTEP for explanation.
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#10 = SI_UNIT($,.MILLI.,.METRE.);
#9 = MEASURE_REPRESENTATION_ITEM('distance',LENGTH_MEASURE(12.5),#10);
#8 = SHAPE_REPRESENTATION_WITH_PARAMETERS($,(#9),$);
#7 = PROPERTY_DEFINITION_REPRESENTATION(#6,#8);
#6 = PROPERTY_DEFINITION($,$,#5);
#5 = PATH_FEATURE_COMPONENT($,'linear',$,$);
#4 = SHAPE_DEFINING_RELATIONSHIP('hole depth','path feature component usage',#5,#3);
#3 = SHAPE_ASPECT($,$,#2,$);
#2 = PRODUCT_DEFINITION_SHAPE($,'hole depth occurence',#1);
#1 = ROUND_HOLE($,$);
Figure 8. Part of a  STEP file
Each AIM entity is formally specified in EXPRESS that is defined in ISO 10303
part 11 - The EXPRESS language reference manual. EXPRESS was primarly
developed to describe formal data models within the STEP suite but can also be
used outside of STEP. It is based on several languages that can describe entities
and relations like the Entity Relationship Model (ERM) and includes some
concepts from object oriented approaches (Shimizu, 2007).
For the implementation of an application protocol it contains an EXPRESS
scheme that defines required entities, types, constants, functions, procedures, rules
and conditions for the description of relationships between entities to create a
neutral exchange file that can be used by STEP conformant applications.
Furthermore we find complex inheritance hierarchies for the mapping of many
attributes of features and other high level objects of the ARM. Figure 9 illustrates
the formal EXPRESS declaration of some AIM entitities for the definition of a
cartesian_point.
ENTITY point
  ABSTRACT SUPERTYPE OF ( cartesian_point );
  name : STRING ;
END_ENTITY ;
ENTITY cartesian_point
  SUBTYPE OF ( point );
  x, y, z : REAL ;
END_ENTITY ;
Figure 9. Example of an EXPRESS declaration.
4.2 Implementation of an EXPRESS interpreter
For the implementation of an application protocol we need access to the neutral
product model data exchange structure. The specification of AP 224 contains the
conformance requirement to implement the product data exchange with STEP files
at least.
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This requires to persist AIM entities in a STEP file or instanciate them from the
file structure. There are two different approaches how to bind a special
programming language to an EXPRESS scheme namely the early and late binding
approaches.
Early binding means to generate source code corresponding to an EXPRESS
scheme which can include a strong type checking through a compiler at compile
time. Because of the formal specification the scheme is indepent from any platform
or system so we can translate EXPRESS in nearly all object oriented programming
languages.
Against this late binding can be done by using so called EXPRESS dictionaries
which allow data access through queries. The advantage of this approach is that it
can be applied with non object oriented languages or languages that do not have a
strong type checking. Because there is no type checking this approach is very
error-prone because the developer is fully responsible for using the correct types.
This approach is not recommended for developing robust and huge systems
based on STEP. Therefore we have implemented an EXPRESS interpreter for the
early binding approach which is fully independent from any application protocol
and can be used for implementing all protocols of the STEP suite.
The idea is to generate classes corresponding to the EXPRESS declaration
including specialized logic for the mapping into a neutral exchange structure. This
can be done by mapping entities into a STEP or into an Xml file. Therefore we
read an EXPRESS scheme and parse the syntax to build a logical structure e.g. of
the entities, relations and properties.
Afterwards we can select a previously implemented source code generator that
can be changed through an interface. Currently we have implemented a source
code generator for C# and one for generating an HTML documentation of an
EXPRESS file (figure 10 and 11). We could extend the generators also for
generating classes for instance for involving the C++ or JAVA programming
language.
Figure 10. Generated C# classes from EXPRESS declaration
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Figure 11.  Generated HTML documentation of an EXPRESS scheme.
To realize several input and output operations for the neutral exchange between
different implementations of the same or different application protocols we have
implemented a feature library for the AP 224 as shown in figure 12. StepIO is a
specialized library that realizes the interface between logical and physical product
data representation within a neutral exchange structure based on a concrete AIM
library e.g. in our scope the AP 224. Furthermore the ARM library uses the neutral
product data through the implemented reference paths.
Figure 12. Architecture of our AP 224 feature library including I/O functionality
5. Conclusion
Through our researches we have realized that there is still a suprising lack of
specialized implementations of STEP although there exists huge potential how we
could use STEP to optimize the whole product lifecycle which is essential for mass
customization of individual parts. As shown in our purposes the AP 224 has a
great potential for implementing an automated process planning system for
machining parts.
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Currently we have implemented a solution to get several application protocols
of STEP into practice and we are still working on the enhancement of our feature
library based on AP 224.
To accept the methodology of the AP 224 in the industry the STEP
implementation is not enough. We require persuasive applications like an easy
modeler based on AP 224 or our intended process planning system. Another
problem still remains because AP 224 forces a change of thinking concerning to
the way of modelling. Instead of designing a part by describing the final part shape
the destructive approach starts with the description of a raw volume. The
advantages are the huge correspondence to machining operations and the
associated semantics of the features which enables automated process planning.
This paper demonstrated a way to standardize the design phase of PLM.
Further research will deal with selecting process variants and determining a
possible delivery date. Therefore artificial intelligence is designated and already
implemented in our theoretical model. Further papers will describe the research in
this area.
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Abstract. The possibilities for customizing mechatronic products have often not been
utilized to their full potential. The reasons for this include: 1) Mechatronic products tend to
inherit their functionalities originating from parent products, with an outset in sole
mechanical or electronic systems. 2) Design and development do not focus on utilizing
interactions between the different types of elements. 3) Much potential remains to be
utilized regarding advanced control systems.
Defining the elements of the mechatronic products and the classification of the
relationship of these elements will ease design, development and production of new
mechatronic products with focus on customization.
This research in a recently initiated project is done by analyzing the complexity in a
mechatronic structure, and a model for design and development of new mechatronic
products will be developed.
This paper sets out in a literature study of mechatronics and mass customization.
Based on this study, this paper seek to identify different definitions of mechatronics in
relationship with mass customization.
Keywords: Mechatronics, Mechatronic Products, Mass Customization, Product
Configuration
Introduction
Mass customization has evolved into a position as flexible, fast delivery and cost
effective production and marketing strategy in a global market competition, just
as predicted by Pine (1993).
Since Davis and Pine introduced mass customization, researchers and
commercials have made tremendous efforts to utilize mass customization as a
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commercial and industrial strategy platform. Especially industries with high
volume and/or high demand of customizable products have adopted the strategy
over the last decade, as e.g. car manufacturers, computer manufacturers, aircraft
industries etc.
New research has shown that introduction of a mass customization strategy is a
complex challenge, involving all levels in an organization (Fabrizio et al., 2009).
This means, that even with developed enterprise management and information
systems, further research is needed to utilize the full potential in mass
customization. Because much effort has been focused on enteprise management
systems, research in other areas needs focus too,  one area of interest should be
product development.
This paper, part of a recently initiated project, addresses a part of this issue and
the objective is to present a model of complex mechatronics structure, which will
ease the approach to development and design of mechatronics for mass
customization.
The method, for reaching the objectives in this project is an initial literature
study of mechatronics and mass customization. For this paper a literature study of
definitions and models of mechatronics is made.  Furthermore, a short discussion
of mechatronics in relationship with mass customization is made. The paper
closes with two new definitions, one for Mechatronics and one for Mecatronic
Products.
Mass Customization
Mass Customization (MC) as research topic was presented by Davis (1989) to be
realized as one-of-a-kind manufacturing on a large scale, including costumer
order decoupling points or customization could be done at various points in the
supply chain, in the publication “From Future Perfect: Mass Customisation.”
(Davis, 1989).
This was followed by Pine (1993) in the publication, “Mass Customization:
The new Frontier in Business Competition” (Pine, 1993), a major research
contribution on how American Enterprises could benefit from adopting MC as a
new strategy and business platform (Pine et al., 1993). Much more research has
followed to identifiy which success criterias to choose, how to implement and
what to benefit from going to MC strategy (Gilmore & Pine, 1997), (Berman,
2002). Latest research indicates that success in MC depends on a high level of
management commitment management understanding, and well organized
deployment of MC (Fabrizio et al., 2009).
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Because there is not a single generic strategy, it is important to look at the
issue from different viewpoints. Moving on to MC from mass production, implies
changing the product development strategy as well.
Effort in MC research has primarily been focused on system structure in the
manufacturing process and product configuration issues. Thus, enterprise
management and information systems have been developed.
As stated above, developing products utilizing mass customization requires
skills in product configuration and knowledge of how the basic structure of
configurable products are included in product family models. Furthermore, add to
this the initial challenge; development of highly complex combined products, this
often involves merging engineering disciplines too. Engineering disciplines like
mechanic, electronic and control systems.
Mechatronics
Mechatronics has its origin in the morph of the words mechanics and electronics.
The term was seen for the first time, in a description, in 1969, from Tetsuro Mori
Japanes engineer from Yaskawa Electric Corp (Rohde, 2009). The original
definition of mechatronics from T. Mori is:
The word, mechatronics, is composed of "mecha" from mechanism and the "tronics" from
electronics. In other words, technologies and developed products will be incorporating
electronics more and more into mechanism, intimately and originically, and making it
impossible to tell where one ends and the other begins. (Mori, 1969)
The company was and is still producing control systems for mechanical factory
equipment. In 1970 Tetsuro Mori applied for trademark of the term, the rights
were given in 1973. In the early 1970’s, in Japan too, the term mechatronicis was
used in advertising material and in ministerial committees to explain the
combined products of mechanic and electronic (Buur, 1989). The term was not
gaining wide interest before the mid 1980’s, at which time Tetsuro Mori and
Yaskawa Corp. did not pursue his trademark rights, as stated on the Yaskawa
homepage “not to limit the research and advancement of the technology” (Rohde,
2009).
Mechatronics as term is today used widely for reseach and artefacts involving
mechanic, electronic and control system. Since first expressed as term, and over
time, the characteristic of mechatronics has been of interest in the scientific and
academic world, resulting in several definitions.
Mechantronics definitions in the way they have been expressed are informative
and accurate, but despite that they do not give a totality of mechatronics (Bishop
& Ramasubramanian, 2002).
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Examples of mechatronics artefact could be a long list of daily used products,
both as consumer products and highly specialized industrial products, as: robots,
automobiles, aircrafts, process systems, white ware, brown wares etc.
Mechatronics in relation to Mass Customization
To enable a successful MC implementation includes modular product design
combined with postponement of product differentiation, and this is widely
described in the literature (Pine 1993) (Berman, 2002).
Simplifying the view of mechatronics in to modules, will ease the
understanding of how well mechatronics can be adopted to MC as illustrated in
figure 1.
Figure 1 Simplified view of mechatronic products.
Modularity is a common characteristic for mechatronic products and it is
possible to divide the modules to basically mechanical and electronical hardware
modules, and if the control systems is taken in consideration as computer
processing, software running the process, can be alleged as module.
Each module could include a set of submodules and evidently be described in a
product family model. Furthermore, software parametres can be changed late in
the supply chain, which emphasises the postponement issue of the product
differentiation. Hence, a mechatronics product would be adoptable into an MC
strategy.
Definitions of Mechatronics
The literature study uncovers several definitions to define or describe ”what is
mechatronics”.
Mori’s definition makes it evident that at this moment in time mechatronics
was combined products of mechanic and electronic modules, where the term
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mechanics covers mechanically elements in the traditional sense. Hence, control
systems for production equipments and machinery, were seqential activity based
mechanical systems, controlled by relays and timers with input from classic
actuators and switches. It is not clear, based on the definition, if Mori’s thoughts
of electronical elements covered more than electronical parts or components.
From the late 1960’s and up to the mid 1990’s a new technology has invaded
artefacts based on mechanics and electronics. In 1980’s microprocessors
revolutionated the control systems, including the next step integrating artificial
intelligence making mechatronic artefacts possible autonomous.
Many definitions hereafter have been presented, one from Harashama et
al.(1996) has been the more recent qouted definition:
The synergistic integration af mechanical engineering, with electronics and intelligent
computer control in the design, and manufacturing of industrial products and processes.
(Harshama et al., 1996)
This definition has moved beyond the coined term mechatronics to include
“intelligent computer control”.
Another definition from Auslander (1996) includes the term “complex decision
making”:
Mechatronics is the application of complex decision making to the operation of physical
systems. (Auslander & Kempf, 1996)
Shetty and Kolk (1997) define mechatronics from a methodology approach:
Mechatronics is a methodology used for the optimal design of electromechanical products.
(Shetty & Kolk, 1997)
Bolton (1999) define mechatronics using “complete integration”:
A mechatronic system is not just marriage of electrical and mechanical systems and is more
than just a control system; it is a complete integration of all of them. (Bolton, 1999)
Other definitions to describe mechatronics are 2 models from K. Craig (Figure
2) (Craig, 2007) and Bishop (Figure 3) (Bishop & Ramasubramanian, 2002):
Figure 2 Craig's model of mechatronics.
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Figure 3 Bishop's model of mechatronics.
The list of definitions shows great variance and no single definition is
sufficient for further analysis. Furthermore, the definitions do not relate properly
to MC.For further research in mechatronics in relation to MC, a model which is a
combination of above mentioned definitions is suggested. The most important
contribution from the definitions is Mori’s mechanic and electronic elements,
elements which can be modularized. These elements are the backbone in
mechatronics and can be alleged as part of a structural view of mechanic
products. From a functional view, subjects from the other definitions, like
“computer intelligence”, “integrated”, “complex design” etc, cover the fact that
some kind of computer controled processes are integrated in mechatronic
products. In figure 4, the model from figure 1 has been extended and an indication
of the structural view and the functional view is added.
Figure 4 Simplified model of mechatronic products with indication of structural and functional
views added.
In the traditional understanding, structural issues of mechatronic products are
entirely related to the hardware modules, while functional issues are related to
both hardware and software. Furthermore, it is very characteristic for mechatronic
products that functional issues are strongly related to the software module.
Deeper investigating of above definitions compared to figure 4 gives no
distinction between the science in mechatronics and mechatronic products. The
study of these definitions, in the litterature does not individually clarify the
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difference. Mostly they introduce and  represent the engineering approach to
mechatronic products.
Hence a representation of the difference between area of science in
mechatronics and the engineering approcah to mechatronic products should be
considered, by defining mechatronics and based on this defining mechatronic
products.
The definition of mechatronics clarifies that mechatronics is science in contrast
to engineering diciplins. The uniqueness of mechatronics is the integration
aspects regarding computers and software combined with mechanical and
electronic components.
The definition of mechatronic products clarifies the application of
mechatronics in product design as an engineering disciplin.
Conclusion
Mechatronics has evolved from combined mechanic and electronic products to
integrated and intelligent products, which from an engineering point of view are
highly complex. Description of mechatronics structure in relation to mass
customization has potential to improve future design and development of
mechatronics and adopting MC strategy. Using an MC strategy requires a
structural approach to product design and also standardizing and modularizing to
develop product family models. This paper identifies a number of different
definitions of mechatronics and raises an initial discussion of mechatronics in a
mass customization view.
The presentation of two definitions; one for the science area Mechatronics and
one for the engineering area Mechatronic Products, will in further research be
used to present a classification of the elements used in the presented model.
Mechatronics is the science of systems (machines, equipment,
products, etc.), which integrates mechanical and electronic
components, including computers and software.
Mechatronic products are mechatronic systems to which
mechatronics is applied through product design.
Mechatronics and Mass Customization.
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Abstract. This paper establishes an ontology of creativity and innovation processes. A
comprehensive review was undertaken describing the four key perspectives of creativity
research, namely the creative-output, -process, -person and -environment.  The focus of this
review is based around the metrics for measuring creativity from each of the above
perspectives.  These metrics are drawn together in a common model which highlights key
considerations when attempting to measure creativity.  It was observed that many of the
measurements were trying to identify patterns associated with creativity which correlated to a
higher potential for creative output.  It is argued that metrics linked directly to the creative
output provide direct measure for creativity when other metrics related to the environment,
person and process are correlated positively or negatively with the potential for creativity. In
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addition, the FBS framework established from design literature is linked to the principle of
continuity argued as a necessary element of creativity in design.  It is also argued that
innovation requires creativity as an enabler.
Keywords. Creativity, Engineering Design, Models, Cognitive Science, Collaborative
process, Creative metrics, Analogy, Knowledge bases.
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Introduction
The aim of this article is to analyze the concept of creativity in the design process and
propose ways of stimulating it. We do not intend to analyze here the innovation
process. In order to avoid confusion, a clear distinction between the two concepts is
established by the authors at the end of this introduction.  The perspective about
creativity selected in this article is described below. Creativity is the generation of
ideas that are both novel and appropriate to the problem (the plurality represents the
importance of frequency of ideas generated). Innovation is an artefact that has one or
more creative ideas and requires creativity as its starting point (Amabile et al., 1996).
Even though creativity has been historically considered somewhat mystical, the
definition and formalization of creativity have been the interest of scientists,
especially in the community of cognitive science.
During our research work discussion, different perceptions of applied creativity
emerged: creativity applied to art versus technical creativity. Some researchers
considered that there is a difference between technical creativity, as constrained by
schedules, performance and market, and artistic creativity, considered free from all
constraints. We advocate for creativity in a holistic point of view, hence creativity as a
process of the mind is not different for art or engineering. For example, in blues and
jazz music, improvisation, which is a form of creativity, only appears on the basis of a
well framed melody. This is, in our viewpoint, an example of a necessary basis for
creativity in art too.
The article is organized in the following manner:
- Section 2 describes the state of the art of existing research both in engineering
design and creativity. The creativity chapter is extended and considers several
perspectives of creativity summarized in Figure 1.
- Section 3 develops a conjoint analysis of creative and engineering design models
presented in section 2 in order to present an integrated model first introduced by
Howard (2008). This chapter pushes the analysis further by proposing a new type of
metric to assess the creative design process.
- Section 4 analyses the creative design environment, the individuals and the group.
This section proposes several hypotheses for metrics that are integrated in section 5.
- Section 5 is the discussion-conclusion section. The section develops an ontology of
creativity from the perspective of engineering design. Conjointly, the section
summarizes the metrics gathered and proposed in the article.
Medyna et al.: Creative Design
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Figure 1: Four viewpoints on creativity
2 - State of the art in creative design
2.1 – Design considerations
During this study, we will consider creativity through the viewpoint of engineering
design, as opposed to artistic design, because we aim to explain more systematically
the structure of the creative engineering design activity. This chapter proposes an
overview of design and, more precisely, its early stage: conceptual design. In this
section we will present a perspective on knowledge representation in engineering
design and present the state of conceptual design representations. We will also
describe the collaborative aspects of the engineering design activity.
2.1.1 – Knowledge representation
As Davis (1993) pointed out, even though knowledge representation is one of the
most familiar concepts in Artificial Intelligence (AI), the question of what is
knowledge representation is rarely answered directly. In this article we use the Davis
representation of knowledge to present five important and distinctly different roles
played by knowledge representation (KR).
The first and most fundamental role of KR is a surrogate, a substitute for the thing
itself, which is used to enable an entity to determine consequences by thinking rather
than acting. This enables reasoning about the world rather than taking action in it.
Second, KR is also a set of ontological commitments. This aspect answers the
question, In what terms should I think about the world? Selecting a representation
means making a set of ontological commitments. The commitments are, in effect, a
strong pair of glasses that determine what we can see, bringing some part of the world
into sharp focus at the expense of blurring other parts.
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Third, KR is a fragmentary theory of intelligent reasoning expressed in terms of
three components:
- the representation's fundamental conception of intelligent reasoning
- the set of inferences that the representation sanctions
- the set of inferences that it recommends
Fourth, KR is a medium for pragmatically efficient computation, that is, the
computational environment in which thinking is accomplished.
Fifth, KR is a medium of human expression, that is, a language in which we say
things about the world.
2. 1. 2. – Situated FBS: A representation of the conceptual design process
Since Pahl and Beitz's systematic description of engineering design (Pahl and Beitz,
1984), there have been a multitude of descriptions of the design process.
Nevertheless, an interesting attempt to describe conceptual design in terms of
necessary knowledge for designing artefacts has been proposed by Gero and his
Function-Behaviour-Structure model (FBS) (Gero et al., 1992).  Recently, Gero has
submitted a new vision of his model (Gero and Kannengiesser, 2004), called “situated
FBS model” which includes a contextual viewpoint. The conceptual design process is
presented in a dynamic environment because, as things get created, the world gets
modified and so does the knowledge available in order to create new things. Figure 2
shows the situated FBS model of conceptual design.
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Figure 2: The situated FBS framework
2.2 – Creativity considerations
Creativity is a complex concept presenting several facets. Creativity is undeniably
influenced by the personal characteristics of individuals such as knowledge, the
ability to create analogies, age, psychology, culture, environment and many other
factors. Another interesting aspect is that creativity can also emerge from collective
activities. In this case creativity is not attached to an individual but to a group which
manages to create the appropriate alchemy between individuals allowing a fruitful
creative process. Another element is the process itself. Undeniably, creativity can be
influenced positively or negatively by the succession of operations and activities
performed, their order and type are influencing factors. An additional factor
influencing creativity is the environment. This means geographical, climatic, culture,
historical, sociological and ethnological considerations. The outcomes of the creative
activity influenced by these interacting considerations need to be evaluated, this is the
role of the measurements.
2.2.1 – Creativity and cognition models
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The definition and formalization of creativity have been the interest of scientists,
especially in the community of cognitive science. Cognitive science is the study of
mental representations and processing, those of creative thoughts have first been
modeled by Wallas and Smith and their five stages (Wallas and Smith, 1926) and an
updated perspective of this model is proposed by Simonton (1999).  In this study we
particularly consider Guilford's work (1957) and the relations between convergent
and divergent thinking. Whereas convergent thinking deals with evaluating a relevant
solution to a problem, divergent thinking involves the creation of multiple solutions
to a problem. Therefore, one aspect of creativity is the duality between the convergent
and divergent thinking. Amabile et al. proposed to distinguish creativity from
innovation as the first being the starting point of the latter. As they suggest, "...
creativity by individuals and teams is a starting point for innovation; the first is a
necessary but not sufficient condition for the second" (Amabile et al., 1996).
Innovation can refer either to incremental, radical or revolutionary changes in
products or services, processes, or in organization. This perspective is adopted in this
article.
Many creativity processes have been modelled throughout literature, one of the
most famous and still relevant is Wallas' five-stage process (Wallas and Smith, 1926).
It is decomposed as follows:
1. Preparation to a problem that focuses the mind of individuals and explores the problem's
dimensions,
2. Incubation: the problem is internalized into the unconscious mind; nothing appears to be
happening externally,
3. Intimation: the creative person has a "feeling" that a solution is coming,
4. Illumination: eureka! The creative idea bursts forth from pre-conscious processing into
conscious awareness, and
5. Verification: the idea is verified, elaborated and starts towards application.
This process brings up an interesting question: Is creativity due to some magic or
can a method be applied for it? (Harnad, 2001). In fact, through Wallas' description
of the process (Wallas and Smith, 1926), we can perceive that creativity contains
some unknown factors as we do not know the mechanisms of the unconscious.
Nevertheless, the first and the last two stages can be methodically applied and
therefore enhance the core creative process itself. In his recent publication, Howard
has compared several different descriptions of the creative process (Howard, 2008).
Several described processes involve the re-definition of the problem and even the use
of requirements (Kryssanov, 2001). This shows the importance of the preliminary
stages of the creative process and the importance of setting a frame enabling
Medyna et al.: Creative Design
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creativity. Nevertheless, every process contained more or less the same stages as
described by Wallas.
Models of creativity need experimental evidence which, however, can be hard to
obtain. Experimental research about creativity began rather late, possibly in 1950
with J.P. Guilford presenting his structural model concerning divergent and
convergent thinking (Guilford, 1957). Advances in neurological research may allow
joining more hypothetical theoretic models with objectively measurable brain activity
patterns.
2.2.2 – Measures of creativity of a person
As briefly shown above, there are numerous possible definitions of creativity and
there is no standard way of measuring the creativity of a person.  Attempts have been
made to produce a Creativity Quotient (CQ) similar to the Intelligence Quotient (IQ)
which have failed, mainly due to a lack of objectivity in assessing creativity (Plucker
and Renzulli, 1999). Nevertheless, there are multiple assessment methods and metrics
of creativity.  They are divided into two categories: those that are person-centred,
which tend to assess attributes such as knowledge and personality, and those that are
process and output-centred, which concentrate on the result of a creative process.
Overall, creativity is a complex process with many nuances and thus multiple tests on
different criteria are necessary to capture all its aspects (Furnham et al., 2008).
Sets of measures and metrics of individual creativity can be found in literature, as
an example in this article we provide three of them. For brevity's sake, we chose not
to go into detail of each technique.  Santosa et al. (Santosa, C.M. et al., 2007) present
three evaluation techniques: the Barron-Welsh Art Scale (BWAS), the Adjective
Check List Creative Personality Scale (ACL-CPS) and the Torrance Tests of Creative
Thinking (TTCF).
Batey and Furnham (2008) propose to measure self-assessed creativity, creative
personality and creative achievement. The final assessment of the creativity was done
by taking into account the three scores.  The self-rating creativity was done using a
10-point Linker-type scale.
A third set of tests is made up of Divergent Thinking (DT), Biographical
Inventory of Creative Behaviours (BICB), Self-Rating of Creativity (SR) and Barron-
Welsh Art Scale (BWAS) and was studied by Furnham and Bachtiar (2008).
Hocevar (1981) presents numerous assessment methods that necessitate people
(supervisors, peers, teachers, etc.) to make judgements about products, ideas or other
people.  Assessments which can be described as "peer reviews" tend to be influenced
by a "halo" effect in which such notions as intelligence come to interfere with an
unbiased evaluation of only creativity.  Therefore creativity assessments should be
done by a party which is in no way connected with the person being evaluated.
Medyna et al.: Creative Design
Submitted to 5th World Conference on Mass Customization & Personalization MCPC2009                9
There is a great need for a metric measuring creativity to simplify the assessment
of creativity tools but such an abstract notion as creativity requires the definition of
strict boundaries as well as the presence of absolute objectiveness. Every single being
is creative if the definition of creativity is broad. Indeed, the simple fact of putting an
object under the leg of a wobbly table can be considered as creative as it leads to a
novel outcome on at least one level, it's new to the person and happens at the
appropriate time.
2.2.3 – Knowledge aspects in the creative process
- The C-K viewpoint
C-K theory has been developed by Hatchuel et al. (2002) to offer a theory where
creative thinking and innovation are not anymore external to the design theory.  C-K
is an interesting perspective to explain the refinement and synthesis process taking
place during the design process. The validation of solutions (i.e. comparison,
evaluation and ranking of design solutions), even if mostly grasped by the model, is
not really explained in detail. In this respect, C-K theory is not really a unified design
theory in a comprehensive and complete manner. Nevertheless, C-K theory exhibits
an interesting perspective of creative design. The main aspects of C-K theory are
summarized below:
- Creative design is defined as a form of reasoning where creativity is
integrated in its definition,
- Design is defined as a process where knowledge expansion is integrated in its
definition,
- Design can lead to processes whose output could be new design issues.
The design process itself is described as: “assuming a space of concepts C and a
space of knowledge K, Design is defined as a process by which a concept generates
other concepts C or is transformed into knowledge K (i.e. propositions in K)”
(Hatchuel et al., 2002).
One interesting aspect with the C-K theory is that the theory is built on
mathematical foundations. The foundations rely on the set theory developed by Georg
Cantor in the later part of the 19th century (Cantor, 1874).  The key aspect in our
context is that the C-K theory is based on four operators. These operators are used
later in this article to support our analysis of the measurement of creativity.
Medyna et al.: Creative Design
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Figure 3: The four operators of C-K theory
Disjunction is an operation which transforms propositions of K into concepts
(going from K?C).  Conjunction is the reverse operation (going from C?K). These
two operations are adding and subtracting properties to and from concepts or
propositions.  Disjunction (K?C) and conjunction (C?K) are external operators; the
two others are internal operators (C?C and K?K). They are the expansion
operators, expansion by partition or inclusion and expansion by deduction or
experiment. Figure 3 summarizes the four operators of the C-K theory and the
viewpoint of the process of designing in C-K theory.
- Cultural knowledge and social aspects and collective building of knowledge
bases
The term "culture" has many definitions, from being commonly attributed to
tribes or ethnic groups in anthropology to being used to describe the full range of
learned human behaviour patterns. The English anthropologist Edward Tylor (1920)
defined culture as; “ that complex whole which includes knowledge, belief, art, law,
morals, custom, and any other capabilities and habits acquired by man as a member
of society”. Thus from this definition it can be abstracted that there is the existence of
cultural knowledge ( )cK which, according to Hoerr (2007), are those ideas gained
from experience and stored in the brain. Studies by researchers on the nature of
creativity have found evidence that creativity is very much grounded in the
individual's knowledge and how they combine their knowledge of dissimilar concepts
to create new perspectives (Breneman, 1999).
Inkeles and Levinson (1954) classify the dimensions of culture by limiting
themselves to the level of nations to come up with three standard analytical issues
which met the following criteria: 1) Relation to authority; 2) Conception of self,
including the individual's concepts of masculinity and femininity; and 3) Primary
dilemmas or conflicts, and ways of dealing with them, including the control of
aggression and the expression versus inhibition of affect.
Expansion by:
Partition
or
inclusion
C K
KC
Expansion by:
Deduction,
Experiment,
Conjunction (i.e.
validation
Disjunction (i.e. generation of
potential alternatives)
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A fifth dimension was later added on the basis of further research works
(Hofstede, 2001; Hofstede and Bond, 1988). Five dimensions of cultural variations
are identified by Hofstede (1991; 2001) and these dimensions are labelled:
(1) Power Distance, related to the different solutions to the basic problem of human inequality;
(2) Uncertainty Avoidance, related to the level of stress in a society in the face of an unknown
future;
(3) Liberalism versus Collectivism, related to the integration of individuals into primary
groups;
(4) Masculinity versus Femininity, related to the division of emotional roles between women
and men;
(5) Long Term versus Short Term Orientation, related to the choice of focus for people's
efforts: the future or the present and past.
Although people vary considerably, there has been reliable support that
Hofstede’s dimensions are stable over time (Kirkman and Shapiro, 1999; Hoppe,
1990; Merritt, 2000). Our interest in these dimensions concerning creativity lies with
power distance, uncertainty avoidance, and liberalism versus collectivism,
conceptually, variations in an individual’s creativity can be explicated by variations in
the characteristics of a nation’s culture. These aspects are developed in section 4.
- Knowledge shared by a community: an analogy with Internet
Evolution of online knowledge bases, such as the collaboratively maintained
Wikipedia online encyclopaedia, can give inspiration for understanding collaborative
processes in creative work. According to a study 97 % of the first definitions for a
new article are written by another person than the one who first proposed it (Spinellis
and Louridas, 2008a; 2008b). This indicates that initial suggestions stimulate
collaborative expansion of online knowledge bases. This aspect is exploited in section
4.2. as well as the notion of "power law". Power law indicates a spontaneously
emerging hierarchical clustering of information that characterises various parameters
of biological and social networks (Keller, 2005).
It is appealing to imagine that similar principles also exist in the creative design
process. In practice, creative design typically aims to reach new levels of thinking in
the form of creative output. However, even the most novel ideas have some
constraints that link them to previous knowledge. It is often challenging to find a
balance between far-reaching and pragmatic aspects in the generation of new ideas.
3 - Creative design process: model and proposal for an
evaluation metric
Medyna et al.: Creative Design
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As shown in Figure 1, creativity has several facets. One of them concerns the
operations that are performed, they constitute the creative process. In the context of
this article we are specifically interested by the engineering design process. When
trying to understand where and how creativity is taking place in the engineering
design process, we are faced with the challenge of describing a model of the creative
design process. This model is used later in this article in order to explicit some parts
of the ontology that constitutes a key outcome of this article.
The state of the art has presented two separated models; the creative model of
Wallas (Wallas and Smith, 1926) and the design model of Gero et al. (1992). A
synthesis of those models has been proposed by Howard et al. (2008). According to
Howard, a creative process can be simplified and encompasses mainly three major
stages named the analysis, the generation and the evaluation.
It is possible to analyse an engineering design process by integrating these stages
in the FBS model previously presented. Figure 4 presents a modified FBS model
integrating the design problem reformulation.
Figure 4: Modified FBS model (derived from Howard) (Howard et al., 2008)
The interest of Figure 4, in addition to presenting an integrated model of the creative
design process, is to highlight that a creative design process is the result of several
mapping between well established design stages. Each of these mappings corresponds
to an arrow in Figure 4.  This is the moment where the concept of
continuity/discontinuity takes place. The creation of a creative outcome can be
achieved if at least the phases of refinement, formulation, synthesis, analysis and
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evaluation of the FBS model can be successfully performed. In other terms, this can
be done if continuity exists in these phases of the design process.
The meaning of the concept of continuity is very profound and is used to evaluate
two aspects of a creative design process model: its coherency and its decidability
(Nonaka et al., 2000).  Coherency means in our context conservation of meaning
between the initial needs provided at the beginning of the design process and the final
result of the creative design process. Decidability means that our creative design
process model should allow us to determine if an outcome is really novel and
appropriate. Novelty and appropriateness are the two fundamental properties of
creativity defined in the introduction. Consequently, measuring the creativity process
can be done directly through the analysis of the continuity of the mapping between
one design stage and another. This can be achieved in practice via the development of
meaningful filters and ontology but also by transforming the design space into a
specific space called metric space (i.e. a design space with a single metric) best suited
for evaluation (Bourbaki, 1989).
Figure 5 summarizes in red the concepts that allow the evaluation of the creative
design process from the viewpoint of coherency and decidability.
Figure 5: Evaluation of the coherency and decidability of creative ideas
The main goal of section 3 and 4 is to propose hypotheses which will lead to the
promotion of creativity.  The hypotheses are made based on the research conducted so
far and will be tested in the future.  The analysis made in this section allows us to
pose an initial hypothesis.
Hypothesis 1: A necessary but not sufficient condition for a creative design process to take place is
the verification of the continuity of the process described by the FBS model.
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4 - Creative design environment and persons: proposal
for measurement metrics
4.1 – Cultural influence on creativity
In paragraph 2.2.3, we have introduced the concept of cultural knowledge
nc
K . As
recognized in Taylor’s definition of culture (Taylor, 1959), an individual in a
particular society or nation possesses a unique cultural knowledge.  We have tried to
show through the analysis of the CK theory that creativity is also strongly influenced
by knowledge.
The present chapter tends to link five other properties of culture that can influence
creativity: (1) Power Distance, (2) Uncertainty Avoidance, (3) Type of integration of
individuals into primary groups, (4) Division of emotional roles between women and
men, (5) Long Term versus Short Term Orientation.
Hypothesis 2: Cultural knowledge may positively or negatively affect creativity depending of the
context,
Hypothesis 3: The lower the power distance the more positive the effect on creativity,
Hypothesis 4: Lowering uncertainty avoidance positively affects creativity
Hypothesis 5: Integration into primary groups providing individual freedom positively affects
creativity.
Hypothesis 6: Long term orientations positively affect creativity.
These properties can be used to assess the manner cultural aspects influence creativity
aspects. They do not constitute direct measures of creativity but instead they act
inhibitors or facilitators of creative thinking.
4.2 – Influence of collaboration aspects on creativity
Learning and teaching creativity is challenging. Many tasks required in life can be
adequately performed with routines and creativity lacks encouragement. In
collaboration, all contributors need to make efforts to reach a consensus and to
maintain continuity in the collective creative working process. However this requires
making compromises in continuity of individual creative work. To minimize this
burden of collaboration there must be cost-effective communication to guarantee
mutual understanding of the shared aims. Originating from research about
informational requirements for various communities an abstract concept of boundary
objects has been widely adopted to represent things that can help people from
different communities build a shared understanding (Star and Griesemer, 1989).
Medyna et al.: Creative Design
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Despite having different practices, people can use these objects as a common
point of reference for conversations and thus agree on what they are talking about.
Boundary objects should be general and formal enough to be capable of traversing
through various collective contexts but also specific and flexible enough to convey
individual meanings.
Hypothesis 7: Use of boundary objects affects positively the potential for creativity of a group.
4.3 – Analogy between the Wikipedia online encyclopaedia and
measurement of creativity output in engineering design
It has been shown that without any specific human coordination many features of the
Wikipedia online encyclopaedia automatically evolve to structures that follow a
"power law" which is a hierarchical clustering of information for example in article
sizes, the number of connecting links, editing times and collaboration distribution
(Buriol et al., 2006). It has been suggested to be a product of a natural optimization
process that guarantees the most efficient average connectivity between the nodes of
the network (Mitzenmacher, 2005). It seems possible by analogy that ideas in the
human mind can form a scale-free network which obeys power-law distribution. This
would imply that the network of ideas contains clusters that can be assimilated to
gateways allowing the most effective connectivity among the ideas. Based on this
fact, an initial analogy can be proposed in the field of engineering design.
Hypothesis 8: Hierarchical clustering of information for example in article sizes, the number of
connecting links, editing times and collaboration distribution affects positively creativity.
Time restriction is another important part of the Wikipedia principle (Spinellis
and Louridas, 2008a; 2008b). When a new page is created, significant content must
be added within a certain amount of time to show the validity of adding the page.
Simple measurements introduced to assess the maturity of an article are reaching a
length of 2000 words (Blumenstock, 2008) or 50 revisions (Thomas and Sheth,
2007). In the context of engineering and design creativity, time limits are important
and strict. The ideal output of a creativity tool is the generation of the idea which will
lead to the ideal solution for a given problem in the least amount of time.
Hypothesis 9: A measure of the interest of creative ideas in the field of engineering design is the
amount of other ideas associated to the creative idea in a limited amount of time.
5 – Discussion and Conclusion
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The analysis provided in the previous sections develops multiple viewpoints and
perspective. The key goal of this article is to develop an overall vision of creativity in
the field of engineering design by focusing simultaneously on several aspects such as
the environment, the creative design process, the person, the group, and the
outcomes.
The authors have obviously been obliged to limit their analysis in this article
because of the limited format allowed. Nevertheless we have tried to give an overall
vision of creativity in the field of engineering design. Figure 6 presents the ontology
and the metrics gathered and proposed at every stage. The chapters where the metrics
and aspects of creativity are discussed are indicated on the right column of the figure.
Building this vision is necessary because other progress in the understanding of
creativity requires at first the development of a clear and consistent supporting
framework. The present article tries to add its contribution by developing an ontology
of creativity associated with a list of metrics that can be used to assess creativity
directly or indirectly. The indirect metrics are enablers of certain factors influencing
positively or negatively creativity.  Other elements in our ontology provide a mapping
between the different facets of creativity such as the C-K operators but also the
induction process. The present ontology does not pretend to be complete. This is a
first attempt to capture the essence of creativity in a compact format. The list of
metrics is an attempt to evaluate different aspects of creativity; this is a phase which
is very important and seldom considered as a study topic in most of the studies on the
subject.
In this article we have voluntarily decided not to focus explicitly on innovation,
even if innovation is clearly mentioned in the design output part of the ontology of
Figure 7.  Many people discuss extensively about innovation without sometimes
making a clear difference between the two terms creativity and innovation. The
authors have considered innovation as the stage appearing sometimes after the
development of creative concepts. The transformation of a creative concept into a real
innovation is by itself an entire research field and we considered in this article that it
will make sense to start by understanding creativity and its evaluation more broadly.
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Section Direct measures of creativity Indirect measures of
creativity
3 · Novelty
· Radical Improvement
· Edit history
· Word count
3 · Novelty
· Appropriateness
· Number of  ideas associated or
added to a creative idea in a
3 · Continuity vs. discontinuity (filters,
ontology)
· Metric space
· Number of
representations
· Abstraction level
· Number of generic
solutions
4 · Barron-Welsh Art Scale (BWAS)
· Adjective Check List Creative
Personality Scale (ACL)
· Torrance Tests of Creative
Thinking (TTCF)
· Divergent Thinking
(DT)
· Biographical Inventory
of Creative Behaviours
(BICB)
· Peer review (word
count,  number of
reviewers, edit history,
connecting links)
4 · Boundary objects
(Repositories, ideal
type of objects,
coincident boundaries,
standardized forms)
· SECI and Ba models,
power law
4 · K (Cultural knowledge)
· P (power distance)
· U (uncertainty
avoidance)
· I (individual freedom)
· L (Long term
orientation)
3 · Novelty
· Radical Improvement
Figure 6: Ontology of Creativity and evaluation metrics
Medyna et al.: Creative Design
Submitted to 5th World Conference on Mass Customization & Personalization MCPC2009                18
References
Amabile, T.M. (1996). Creativity and innovation in organizations. Harvard Business School Press,
Boston, MA.
Amabile T. M., Conti R., Coon H. et al. (1996). "Assessing the work environment for creativity",
Academy of Management Review, vol. 39, no. 5, 1154-1184
Batey, M. and Furnham, A. (2008). "The relationship between measures of creativity and schizotypy".
Personality and Individual Differences, Vol. 45, No. 8, 816-821.
Blumenstock, J. (2008). Automatically Assessing the Quality of Wikipedia Articles. University of
California at Berkeley School of Information.Technical Report 2008-021.
Bourbaki N. (1989) General Technology (two volumes), 2nd printing, Springer-Verlang, Berlin.
Breneman J., (1999). Exploring Women's Creativit. http://www.womenfolk.com/creativity/
Buriol, L., Castillo, C., Donato, D., Leonardi, S., & Millozzi, S. (2006) Temporal Analysis of the
Wikigraph. Web Intelligence 2006: 45-51.
Cantor, G. (1874). “Über eine Eigenschaft des Inbegriffes aller reellen algebraischen Zahlen”, Crelles
Journal f. Mathematik, Vol. 77, 258 - 262.
Davis R., Shrobe H., and Szolovits P.. (1993). "What is a Knowledge Representation?" AI Magazine,
Vol. 14, No. 1, 17-33.
Furnham, A., Batey, M., Anand, K. and Manfield, J. (2008). "Personality, hypomania, intelligence and
creativity". Personality and Individual Differences, Vol. 44, 1060-1069.
Furnham, A. and Bachtiar, V. (2008). "Personality and intelligence as predictors of creativity".
Personality and Individual Differences, Vol. 45, No. 7, 613-617.
Gero, J.S., Tham K.W. and Lee H.S. (1992). "Behaviour: a link between function and structure in
design", in D.C. Brown, M.B. Waldron and H. Yoshikawa, Editors, Intelligent computer aided
design, pp. 193–225, Elsevier, Amsterdam.
Guilford, J.P. (1957). A revised structure of intellect studies of aptitudes of high-level personnel.
University of Southern California, California.
Gero J. S., Kannengiesser U. (2004). The Situated Function-Behaviour-Structure Framework, Design
Study, Vol 25, No. 4, Elsevier, Amsterdam.
Harnad S. (2001). "Creativity: Method or Magic?", http://cogprints.org/1627/1/harnad.creativity.html,
CogPrints.
Hatchuel, A. and Weil, B. (2002) C-K theory: Notions and applications of a unified design theory,
Proceedings of the Herbert Simon International Conference on « Design Sciences », Lyon, 15-16
March 2002.
Hocevar, D. (1981). "Measurement of Creativity: Review and Critique." Journal of Personality
Assessment, Vol. 45, No. 5, 450-464.
Medyna et al.: Creative Design
Submitted to 5th World Conference on Mass Customization & Personalization MCPC2009                19
Hoerr W., (2007). The Final Belief System. The Evolution Ashram 52 Kookaburra Eco-Village, Gin
Gin, Queensland, 4671.
Hofstede G., Bond M.H. (1988). "The Confucius connection: from cultural roots to economic growth".
Organizational Dynamics, Vol. 16, No. 4.
Hofstede, G. (1991). Cultures and Organizations: Software of the Mind. McGraw-Hill, London, U.K.
Hofstede, G. (2001). Culture's consequences, 2nd Ed. Sage, Thousand Oaks, CA.
Hoppe, M.H. (1990). A comparative study of country elites: International differences in work related
values and learning and their implications for management training and development. Doctoral
dissertation, University of North Carolina at Chapel Hill.
Howard T. J., Culley S. J., Dekoninck E. (2008) "Describing the creative design process by the
integration of engineering design and cognitive psychology literature". Design Studies, Vol. 29, No.
2, 160-180.
Inkeles, A. & Levinson, D. J. (1969[1954]). National character: The study of modal personality and
sociocultural systems. In G. Lindzey & E. Aronson (Eds.), The Handbook of Social Psychology IV
(pp. 418-506). McGraw-Hill, New York.
Keller, E.F., (2005) “Revisiting "scale-free" networks”, BioEssays, Vol. 27, No. 10, 1060-1068.
Kirkman, B.I. & Shapiro, D.I. (1999). "The impact of cultural values on employee job satisfaction and
organizational commitment in self-managing work teams". Paper presented at Georgetown
University, April 1999.
Kryssanov V. V., Tamaki H., Kitamura S. (2001). "Understanding design fundamentals: how synthesis
and analysis drive creativity, resulting in emergence". Artificial Intelligence in Engineering, Vol. 15
No. 4, 329-342.
Leung A. et. al. (2008). "Multicultural Experience Enhances Creativity. The When and How".
American Psychological Association, Vol. 63, No. 3, 169-181.
Merritt, A. (2000). "Culture in the cockpit: Do Hofstede’s dimensions replicate?" Journal of Cross-
cultural Psychology, Vol. 31,  283-301.
Mitzenmacher, M. (2005). “Editorial: The Future of Power Law Research”, Internet Mathematics, Vol.
2, No. 4, 525-534.
Nonaka, I., Toyama, R. & Noboru, K. (2000). "SECI Ba and Leadership: A Unified Model of Dynamic
Knowledge Creation", Long Range Planning, Vol.33, No. 5, 6-34.
Pahl G.. and Beitz W. (1984). Engineering design: a systematic approach. Springer, London.
Plucker, J., & Renzulli, J. S. (1999). Psychometric approaches to the study of human creativity, in R. J.
Sternberg (Ed.), Handbook of creativity. Cambridge University Press, New York.
Santosa, C.M., Strong, C.M., et al. (2007). "Enhanced creativity in bipolar disorder patients: a
controlled study". J. Pers. Assess. Vol. 100, 165-172.
Simonton D.K. (1999). Origins of genius: Darwinian perspectives on creativity. Oxford University
Press, NY.
Spinellis D. & Louridas P. (2008a). The collaborative organization of knowledge. Communications of
the ACM, Vol. 51, No. 8, 68–73.
Spinellis D. & Louridas P. (2008b). Two More Years of WikipediaDataBlogentry
http://www.spinellis.gr/blog/20080808/
Medyna et al.: Creative Design
Submitted to 5th World Conference on Mass Customization & Personalization MCPC2009                20
Star, S. L. & Griesemer. J. R. (1989). Institutional Ecology, 'Translations,' and Boundary Objects:
Amateurs and Professionals in Berkeley's Museum of Vertebrate Zoology, 1907 - 1939. Social
Studies of Science, Vol. 19,  387-420.
Steenkamp, J.E.M., Hofstede, F.T. & Wedel, M. (1999). A cross-national investigation into the
individual and national cultural antecedents of consumer innovativeness. Journal of Marketing,
Vol. 63, 55-69.
Taylor, A. (1959). "The nature of creative process" in Smith, P. (ed.) Creativity. Hastings House, New
York.
Thomas, C. and Sheth, A. (2007), Semantic convergence of Wikipedia articles, Proc. The 2007
IEEE/WIC Int. Conf. on Web Intelligence, 2-5 November, 2007, Silicon Valley,  USA.
Tylor, E. B. (1920 [1871]). Primitive Culture. 2 vols. 7th ed. Brentano's, New York.
Wallas G. and Smith R. (1926). Art of Thought.
Submitted to 5th World Conference on Mass Customization & Personalization MCPC2009 1
Designerly Ways of Customising
Morteza Pourmohamadi Rob Saunders
University of Sydney, Australia University of Sydney, Australia
mpou3922@uni.sydney.edu.au rob@arch.usyd.edu.au
Abstract. This paper explores the customisation as a design problem-solving task for
customers in mass customisation (MC). In a typical MC system, customers use provided
tools to customise their chosen product. We applied Goel’s cognitive method for
assessing design problem solving tasks to compare the customisation with design and
found a high degree of similarity. Customers who attempt to tackle these designerly
tasks will typically have little or no design education. Consequently, we tend to consider
the customer’s lack of design experience a forgotten cause of confusion in customer-
system interactions. Using the routine/non-routine design classification, we propose a
taxonomic framework to classify different roles that a mass customisation system could
assign to its customers. Further we use Gero’s Function-Behaviour-Structure model to
explain the proposed framework and analyse the processes inside each customisation
session. We believe the proposed framework provides guiding principles to support
proper design processes within customisation as an effective way of minimise confusion
and improve customers’ experience. This is the focus of our future research in
designerly ways of customisation.
Keywords. Mass customisation, Design problem solving, Routine/non-routine design,
FBS framework
Introduction
In recent years, researchers have explored a range of approaches to assist
customers engaging with the co-design products using mass customisation systems
(Karacapilidis and Leckner, 2004; Piller, Schubert et al., 2005; Chen and Tseng,
2007; Ma, Chen et al., 2007), the assumption being that customers are involved in
a co-design process. Despite the interesting findings of these studies, the nature of
customisation as co-design is unclear. Can we consider any customisation as a
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design problem-solving task for customers? If the answer is 'yes', then how can
knowledge of the design domain be applied to improve the customers’ experience?
Mention has been made of the designerly nature of mass customisation (MC)
systems by early writers including Alvin Toffler  (1980, p274) who, quoting
Robert H. Anderson, stated: “The most effective thing a person will do twenty
years from now is to be very creative... Namely, you will be sitting there doing
things like designing a suit or making modifications to a standard design”. While
later studies acknowledge that design plays an important role in customisation
(Franke and Piller, 2003; Ulrich, Anderson-Connell et al., 2003; Berger and Piller,
2004), little empirical work has been undertaken to facilitate an understanding of
customisation as design by customers (Bee and Khalid, 2003).
Mass customisation is defined as 'a business strategy that promises the delivery
of personalised products with near mass production efficiency' (Pine II, 1993). At
first glance, this definition appears to demand customers’ involvement in making
decisions about the final product. This may be interpreted as designing by
customers. Simon (1981) defines design as “changing existing situations into
preferred ones”.  On this basis, anything we do in our everyday lives to change our
extant situation is a design-like activity that requires us to make design decisions.
At the same time, design, as a highly professional activity, demands considerable
knowledge and competency. Lawson (2005) subscribes to a range of design-like
activities, from selection and combination of predetermined items to professional
design of artefacts for other people. This gives rise to research questions regarding
the place of any customisation task on this spectrum of definitions of design.
To answer the above questions we apply different approaches drawn from
design studies. Firstly, we draw on research from design studies and formulate our
argument about the nature of design in mass customisation. We employ a cognitive
method to explore the how the problem-solving tasks presented by typical mass
customisation systems resemble design for customers. Secondly, we use formal
models of routine and non-routine design and the process of designing in terms of
function, behaviour and structure, to develop a framework within which to analyse
different roles of customers in mass customisation systems.
Customisation as Design by Customers
We have employed Goel's (1995) cognitive method to determine whether
customisation is a design task for customers or not. Goel proposed a comparative
method to assess how different problem-solving tasks resemble design based on a
list of twelve attributes of design tasks:
(1)       Availability of information: design problems lack information at
every stage of the process.
(2)       Size and complexity of problems: design problems are often large
and complex.
(3)       Nature of constraints: constraints are generally of two types,
nomological and social/political. They are rarely, if ever, logical.
(4)       Component parts: design problems have many parts.
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(5)       Interconnectivity of parts: the components of design problems
are not logically interconnected.
(6)       Right and wrong answers: there are no right or wrong answers;
only better and worse.
(7)       Input/output: input is information about users, the goals and
behaviour of the artefact: output signifies artefact specifications.
(8)       Feedback loop: there is no genuine feedback from the real world
during problem solving sessions.
(9)       Costs of errors: there are costs associated with every action in the
world.
(10) Independent functioning of the artefact: the artefact is required
to function independently of the designer.
(11) Distinction between specification and delivery: the specification
of the artefact as distinct from its construction and delivery.
(12) Temporal separation between specification and delivery:
specification precedes delivery.
Goel uses these attributes to assess how different problem-solving tasks resemble
design. The existence of these attributes will confirm the designerly nature of the
given task and vice versa: any missing attribute will locate the task outside the
boundaries of designing. Following Goel, we compared different types of
customisation tasks (Gilmore and Pine II, 1997; Da Silveira, Borenstein et al.,
2001; Blecker, Friedrich et al., 2005) with design and found a high degree of
similarity between them. A selection of this comparative study is described below:
Availability of Information
Every design problem has three component parts; problematic situation, demanded
goal, and transformation process from current to ideal situation (Reitman, 1964).
Lack of information could exist in each of these three parts. In MC, the personal
needs and preferences of customers (what they want) shape the problematic
situation: the goal of customisation is to receive a product that corresponds to it.
The transformation process also includes information about the behaviour of
product features (aesthetics, functions, costs, etc.) and the behaviour of the
company (quality, service, support, etc.).
Case studies in MC (Huffman and Kahn, 1998; Bee and Khalid, 2003; Piller,
Schubert et al., 2005) have already shown customers’ lack of knowledge of each
of these three sections. At this level, the “customers often have no clear
knowledge of what solution might correspond to their needs. At times, these needs
are not apparent to the customers themselves. …  The newer and more complex
the individualization possibilities are, the more information gaps increase” (Piller
and Tseng, 2003, p523).
Right and Wrong Answers
According to Rittel and Webber (1973), “design problems do not have right or
wrong answers, only better and worse ones” (cited in Goel and Pirolli, 1992,
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p402) In fact, this is the essence of MC in which the final product is good because
it is designed to satisfy the individual. The astronomical size of the solution space
in some MC systems supports this statement.
Feedback Loop
In MC, the customer has to await the delivery of her/his customised product in
order to be able to test it in reality.  One of the frequently occurring problems in
mass customisation systems, it is known to be one of the important sources of
mass confusion (Piller, Schubert et al., 2005).
Costs of Errors
From the customer’s perspective, the penalty for failing to customize is paying all
of the costs of customisation (product price, premium price, time) without
receiving a favourable result from the venture. This is probably the strictest penalty
that can be imposed for the commission of an error when performing a
customisation task.
Customisation as Design
We found that the task of customers in some cases could not be considered as
design because they lack some of the above fundamental attributes. For example,
the temporal separation between specification and delivery, which is one of the
listed attributes, requires that the decision making phase should always come
before the delivery of the product. While the absence of this attribute in any MC
system will eliminate it from being design, in some cases the final product comes
before the actual customisation session. For example, adaptive MC systems, as
specified by Gilmore and Pine (1997), belong to this group of non-design
customisation tasks.
Even though we filtered out some customisations as non-design activities,
comparing customisation against Goel’s template showed a high degree of
similarity between most of customisation tasks and design. However, as in MC,
the complexity of these tasks differs in each system. This is not only effective vis-
a-vis the technological properties of the system but also effective apropos of the
customers’ experience during customisation. Customers engage with different
problem-solving tasks in accordance with their assigned roles in the system. The
next step will be an attempt to classify these design-like customisations from the
perspective of design. First, we will review two well-established models from
design studies that have been used as the foundation of our classification of user
roles.
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Routine, innovative and creative design
In order to acquire a more detailed view of design-like customizations, we applied
the notion of routine and non-routine design. According to Rosenman and Gero
(1993), any design activity is either routine or non-routine. From a knowledge
availability perspective, they further divided non-routine design activities into
innovative and creative.
In routine design (Gero, 1994), the range of possible values for variables is
well-known: the solution space is limited to the predefined range of values. The
consistency of variables during routine design implies the consistency of the
generating rules. As a result, different concepts generated in routine design are
instances of one general design structure. The problem solving task usually
involves choosing the optimum value for existing variables. To facilitate the
decision making process, the agent involved in routine design should be
knowledgeable about the offered variables and values and/or the solution space.
The routine designer usually gains this knowledge by searching inside the solution.
Although the constraints and values are predefined, this does not necessarily mean
that a routine design will not be hard or complex.
Figure 1. a) Innovative design solution space;             b) Creative design solution space
Innovative design, the second class of design, belongs to non-routine design
activities. Generally speaking, non-routine design can be defined as that class of
design activity when all the variables “are not known in advance, nor necessarily
are all the processes needed to produce them” (Gero, 1994, p261). Innovative
design involves the introduction of new values into the system, which will result in
unexpected as well as unintended designs. In this class, the introduction of new
values usually happens concomitant with the gaining of new knowledge, which
describes the possibility of new values to the system. And while the results of
innovative design activities broaden the solution space, their dependency upon past
designs is observable (Figure 1a).
Creative design, the third class, belongs to non-routine designs as well. In
creative design, a new variable is introduced into the system. The results of this
particular design activity have little in common with the previous designs. In terms
of solution space, creative design involves a transformation of the solution space
(Figure 1b).
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In other words, in non-routine design, the designer either modifies the solution
space (innovative) or creates a new solution space (creative). Unlike routine
design, which gains its knowledge about solution space by searching it, the non-
routine designer uses exploration as the main process to find new solution spaces.
In terms of processes, those are suitable for generating routine designs should aim
at deciding on the optimum value of each variable: the processes considered
suitable for non-routine designs should be able to modify the structural rules or
create new variables or values.
In the second round of our studies of the designerly nature of customisation,
we compared the specifications of different mass customisation systems with the
definitions of different classes of design. For the purposes of this comparison, we
classified mass customisation systems based on the designerly roles of the
customers submitted by the system. It is important to mention that this
classification was done from the system point of view, i.e., while the system may
assign an innovative design role to its customers, this does not guarantee that all of
the products customised by the customers are innovative. Notwithstanding, such a
system should afford the existence of innovative design activities and should
support customers to perform in this way.
Function, Behaviour and Structure Model
The function, behaviour and structure (FBS) model, is a framework developed by
Gero (1990) to represent design activity. It classifies all the variables of the design
process into three categories: functional variables, behavioural variables and
structural variables. Functional variables (F) describe the primary purpose of the
artefact's existence. Behavioural variables (B) denote the attributes. They are
further dividable into two groups: behaviours expected from the artefact (Be) and
the actual behaviour derived from the structure of it (Bs). Finally, structural
variables describe the components of the object and their relations. According to
the FBS model (Gero and Kannengiesser, 2000), there are eight fundamental
processes involved in any design activity (Figure 2):
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Figure 2. The eight processes involved in designing
1. Formulation (F ® Be) is the transformation of design requirements into
expected behaviours
2. Synthesis (Be ® S via Bs) transforms the expected behaviours (Be) into
structure (S)
3. Analysis (S ® Bs) derives the actual behaviour of the proposed structure
4. Evaluation (Bs « Be) the comparison between Be and Bs which implies
the acceptance or rejection of the synthesized structure.
5. Documentation (S ® D) produces the description for manufacturing the
artefact.
6. Reformulation–1 (S ® S') involves changes in state space in terms of
structural variables or their range of values in cases of unsatisfactory
evaluation results.
7. Reformulation–2 (S ® Be') addresses the changes in state space in terms
of behavioural variables or ranges of their values should the Bs be
evaluated as unsatisfactory.
8. Reformulation–3 (S ® F' via Be) changes the design state space vis-a-vis
functional variables or range of values of them should the Bs be evaluated
as unsatisfactory.
The FBS model of design allows us to deconstruct the customisation session into
its cognitive processes and use the terminology of design to describe them (Gero,
1990). We believe this expands our understanding of the design nature of
customisation and inform us toward more designerly support for customers during
customisation sessions.
Proposed Framework
As argued earlier, from a customer perspective, MC systems constitute a design
environment that sets designerly problems. To shape an understanding of the
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different types of MC systems as design environments, we propose a taxonomical
framework to classify the different roles of customers from a design point of view.
This framework is based on the routine/non-routine classification of design and the
FBS model of design processes. On this basis, any MC system can assign its
customers one of these roles:
Requester
In some MC systems, the customer does nothing towards defining any customised
product. It is up to the MC system to provide her/him with an individualised
product, based on her/his needs and preferences (Gilmore and Pine II, 1997).
Within mass customisation systems, a requester requires information about the
problematic situation, i.e., the first component part of the design problem, and the
system may need to provide this information. Although the customer has only a
limited role in the creative process of design, having personal preferences— and
her/his ability to express them— is still an important factor in the MC experience.
Composer
A wide variety of MC systems allow their customers to configure their favourite
products simply by choosing a series of options. While each option (stage) offers a
variety of selections (states), the solution space is limited and known in advance
(Tseng and Jiao, 2001). Depending upon the number of stages and states, the size
of the solution space might be very big (Franke and Piller, 2003). This type of
customisation matches the routine design described earlier. In routine design, the
designer should be knowledgeable about the possibilities of the solution space.
He/she gains this understanding by searching inside the boundaries of the offered
solution space. In fact, some of the suggested features of configurators like
randomisers are the metaphors of this search activity.
After acquiring adequate knowledge of the potential solutions (Karacapilidis
and Leckner, 2004), the composer has to decide upon a favourite state at each
stage of the design process. Even though these decisions are about the structure of
the artefact, the actual cognitive process of design happens at both the behavioural
and functional levels as well. In other words, the composer has to perform three
different cognitive activities in order to decide on the final structure: Formulation
(F ® Be), Analysis (S ® Bs), and Evaluation (Bs « Be).
In terms of reformulation, the composer works on the structural level. This
means that he/she can only manipulate the structural values, i.e., Reformulation–1
(S ® S'). In a pure composer system, all other processes have to be done outside
the system, that is, by the customers. Because the range of values is constant here,
the main cognitive challenge for the composer will likely occur in the Synthesis
process, i.e., matching expected behaviours and structural behaviours (Be ® S via
Bs) (Hippel and Katz, 2002). This has already been considered to be one of the
sources of mass confusion (Piller, Schubert et al., 2005). A supportive MC system,
that assigns the role of composer to its customers, will contain features essential to
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eliminating this major source of confusion and assist the composer through the
customisation session, primarily by aiding the Synthesis process.
Co-designer
The term ‘co-designer’ has been loosely used by writers to describe all customers
in MC systems (Berger and Piller, 2004; Piller, Schubert et al., 2005), however, as
we have argued before, not all MC systems are design environments,
consequently, not all MC systems assign the co-design role to their customers.
Only a special type of customisation has the customer participate in the process of
designing the requested product. It should be noted that this position is distinct
from the perspective of customer involvement, where she/he has to deal with non-
routine designerly problems and challenge constraints or limitations, set either by
her/himself or the system, in order to design a personalised product.
We define the co-design role inside an innovative design space. This means
that customisation is more than composing predefined items. A co-designer
modifies the variables or the range of their values in line with his/her personal
needs and preferences. However, for practical reasons, the introduction of new
values is more frequent than the introduction of new variables.
In terms of an FBS framework, doing innovative design is related to
behavioural variables as well as to structural variables. Consequently, in such
systems, Reformulation–2 (S ® Be') becomes as important as Reformulation–1 (S
® S'). During the customisation process, the co-designer engages in a dialogue
with the system: this includes the staff, consultants and an intelligent customisation
tool. The systems side informs the co-designer about the design rules, to support
Synthesis (Be ® S via Bs), and the behaviours of each structural item, to support
Analysis (S ® Bs). Negotiation between the co-designer and the system primarily
takes place at the behavioural level, i.e., through the process of Evaluation (Bs
« Be) (Tseng, Kjellberg et al., 2003). The introduction of new variables or values
happens when a negotiation ends with demands for new behaviours outside the
bounds of the solution space. At this point, the system may decide to extend the
range of values or variables to satisfy the needs of the co-designer. The dialogue
between the MC system and the customer potentially expands the solution space
and ability of the system to satisfy future demands, i.e., the customer collaborates
in the design process of the mass customisation system.
Re-mixer
So far, discussion has centred on the composer and co-designer roles of customers
in mass customisation systems. But there is a new role emerging in many mass
customisation systems, which places the customers inside a social structure (Piller,
Schubert et al., 2005). In these communities, the customers not only share their
information about the products and companies but also collaborate in generating
ideas. These online communities are either supported by the company or self-
initiated by customers. In fact, this acts as a bridge to span the gap between the
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composer and co-designer roles: the customers collaborate in design but mainly via
a third party— not the system but the community.
In terms of an FBS framework, this means that the system only need handle
structural variables, leaving the behavioural variables to be handled by the
community. Members of the community effectively add design knowledge to the
MC system, by labelling structures with their behavioural properties (Analysis) and
describing how to derive the structure out of the behaviour in hand (Synthesis).
The customisable nature of the products allows the community to exchange
information, collaborate with design, and disseminate ideas among members
(Piller, Schubert et al., 2005).
We cannot specifically label the performance of this role as ‘routine’ or ‘non-
routine’ design. Although the initial solution space is limited and predefined, the
community may force the system (a) to accept new variables, and (b) to extend the
range of their values.
An MC system that assigns the role of re-mixer to its customers should allow
the community members to share, transform and combine ideas with each other at
the structural and behavioural level, even though the customisation system only
supports structural variables.
Prosumer
Toffler (1980) devised the term ‘prosumer’ to describe the customer who is co-
producer as well as co-designer. In this role, which is the most complex of all
customer roles in mass customisation, they apply general production facilities
provided by a company to produce designs of their own. The prosumer role is
close to the role of a creative designer (Gero, 1990), engaging in a creative design
activity and extending the boundaries of the design space.
In terms of an FBS model, the prosumer starts the design process from the
functional level as the system doesn’t limit what is to be made (F). However, this
involves extensive effort on the part of the customers as they have to perform all
the possible cognitive processes almost like a designer. Consequently, interaction
between system and prosumer is facilitated by the prosumer, who gives
manufacturing instructions to the system (Documentation). However, this does not
necessarily mean that the system cannot be involved in other processes of design to
support the prosumer through the customisation session. For example, designing
by first principles is a method identified as increasing the chances of creative
design (Rosenman and Gero, 1993). Implementation of this method in a mass
customisation system may encourage the prosumer to come up with more creative
concepts.
A well-known example of prosumer customisation systems is Ponoko1, a
customised laser cutting service available through a consumer friendly web site. In
its early days, the system was designed to provide facilities for cutting 2D sheets
for customers; eventually, customers started to use the 2D cut sheets to make 3D
1 www.ponoko.com
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structures and, based upon this creative innovation, a whole new space of design
possibilities opened up.
Benefits and Applications
The implementation of an FBS model allows us to gain a much more detailed
understanding of the designerly processes central to the customisation session.
This could be used to improve the customers’ experience of design or to define the
necessary features of the system.
For example, Dell is a well-known computer customisation system
implemented as a website2 offering a series of predefined options. This is a typical
mass customisation system, which according to our framework assigns the role of
composer to its customers. As design is of routine type, customisation is focused
on the structural variables of the product. This means that customising a computer
with the Dell configurator involves deciding upon the structural specifications of
the requested product.
A typical customisation scenario (Figure 3) might involve a customer using the
Dell configurator to buy a notebook computer for business use on the road (F).
He/she expects the customised product to satisfy a series of personal needs and
preferences (Be), e.g., extended battery life and light overall weight.
Figure 3. The processes involved in the example of notebook customisation task.
By searching the offered solution space, using either filtering,
recommendations systems or randomisation, the customer forms an understanding
of the system deliverables, including different types of batteries. Using the
configurator, he/she can select structural items (S) that are likely to have same
behaviours (Bs) as expected (Be). However evaluation of Be and Bs reveals that
the selected structure (e.g. 9 cell battery) has some of expected behaviours (e.g.
extended battery life) while missing the others (e.g. light weight). This evaluation
pushes the customer into an iterative trade-off process, which culminates in the
final product description. Though the possible solution space is limited, these
trade-offs generally involve modifications in expected behaviours, that is the
Reformulation–2 (Figure 3). Finally, the customised product (S') is assumed to
have the same behaviours as the expected behaviours.
2 www.dell.com
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As we can see in this example, customising as a composer is mainly about
selecting the structural items of the product. As the system deals with the
structure, the interface between customer and system locates between structure
and behaviours as illustrated in figure 3. In other word, all processes related to the
behavioural and functional variables have to be done outside the system and only
by the customer. This task load may cause confusion in customers experience with
the system.
A positive way of supporting customers using the system would be embedding
the behavioural variables into the system. This could be done by informing the
customers about the actual behaviours of the structural items, e.g., capacity,
weight or life time (Analysis). A possible way of improving such a system is to
integrate the Synthesis process within the system by labelling the structural items
with their behaviour, e.g., batteries with long life. It is also important to inform
customers about the relational behaviour of each item, i.e., how they behave
together.
As seen in the given example, the proposed framework considers the
customisation session in a detailed manner from the perspective of internal
processes, by extension providing more insight into the designerly tasks of during
customisation. Classifying the customisation task based on routine, innovative and
creative design conveys a firm idea of the anatomy of the system, and its
interaction model with customers. Application of the framework raises the
following questions: what are the necessities of the customisation tool?  How
much information does the customer need to perform her/his task?
Conclusion
Despite the common notion of the role of customers as co-designers of their
own products, we have started to question the designerly nature of mass
customisation. We used Goel’s (1995) cognitive method to compare the
customisation task with design. Despite detecting some instances of non-design
customisations, we found considerable similarity between design problem-solving
and the customisation task from the customers’ perspective. The diversity of these
designerly customisation systems led us to develop a framework in which to
classify them from a design point of view.
Employing the notion of routine/non-routine design as the foundation of our
framework, we suggested four different design roles that a mass customisation
system could assign to its customers. We used Gero's (1990) FBS model to
explain the proposed framework and analyse the processes involved in
customisation. Applying the FBS model confirmed our initial analysis of the
designerly nature of customisation.
The proposed framework is applicable to existing mass customisation systems:
it may be used to analyse the design processes explicated during customisation
sessions and to improve a system’s support for design by customers. It may also be
useful in planning new mass customisation systems to find the necessary features
of the configurators and predict the workflow of customers during customisation.
Pourmohamadi and Saunders: Designerly Ways of Customising
Submitted to 5th World Conference on Mass Customization & Personalization MCPC2009 13
Future work will focus on using the proposed framework in real life examples
in an attempt to discern its strengths and weaknesses. We believe that studying
customisation systems from a design perspective will reveal the implicit processes
of design by customers and improve the system in terms of customer experience
during designerly customisation.
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Abstract. The paper presents the business case of the Italian footwear company
Pakerson and of its “Tailor Made” project aimed at offering to its most valued and
demanding customers a full range of customized, luxury men shoes. The work is
structured in three parts; in the first one the main business goals and market
expectations of the company are presented as well as the motivations that have led a
well established traditional shoe maker to tackle this new market challenge. In the
second part the technical elements of both the front (shop) and back end (production)
processes are described and their implementation path is outlined; the final configuration
of the various modules of the complete solution was the result of a careful selection work
and of an intensive integration activity which are extensively described in the paper. The
third and last part presents an overview of the initial returns after the first market
exposure of the new concept in the Pakerson flagship store in Saint Petersburg (Russia).
Keywords. Footwear, Customization, Business Approach.
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1.Introduction
This paper is about an adventure; for a traditional, well established footwear
producer like Pakerson from Cerreto Guidi (in the vicinity of the city of Florence
in Italy) exploring a brand new way of tackling the market and of dealing directly
with its final customers was quite a courageous move that required a totally
different kind of mindset and openness toward innovation. This paper is also about
a challenge, stemming from the assumption, made clear since the very first steps of
the project, that appropriate technologies were available or could be developed to
accomplish the task that would have made the achievements of the market goals,
possible.
The history of Pakerson and of the Brotini family, whose current generation still
own and run the company nowadays, dates back to the end of the 19th century,
when a first handicraft laboratory was opened where shoes for the court of the
Grand Duke of Tuscany were produced; this highly valuable tradition was
maintained all along the first half of the 20th century until in 1946 a first nucleus of
a real industrial company (due to soon create the Pakerson brand) was setup.
Keeping an ever-growing rate of success, the small handicraft firm has assumed an
industrial nature over the years. A series of official awards won during the years
consolidated once and for all the international position of prestige of the brand,
preserving a traditional that is still very much alive in the Pakerson Company of
these days.
Pakerson style is an expression of the classical Florentine creativity, combining
flair and skill, innovative ability and attention to tradition. Besides that, joint
efforts with the most successful designers keep the firm in line with the most
recent fashion trends. Nonetheless this traditions blends with the most modern
processing techniques that, in any case, never overwhelm the manual ability of the
workers and the attention of the company for the finest details of their shoes; every
processing step is performed with traditional systems by artisan with a long
experience in their specific fields. The company “credo “ is that only his artisans’
manual ability can create a long lasting product for their valuable customers.
These end customers have always been at the center of the company strategy,
since the very early phases of the company history, when the direct contact with
the final customer was a regular part of their daily business. Despite the evolution
from handicraft workshop to industrial company, and the related transformation
from a direct to an indirect market approach (through independent retailers,
responsible for the final market distribution of their shoes) Pakerson has always
cultivated various forms of direct, non-mediated contacts with the end users. First
of all maintaining a certain number of flagship shops either directly owned or in
partnership with local market operators (this is typically the case of the eastern
markets, and Russia specifically, where the Pakerson brand is particularly strong);
these “Pakerson boutique” convey a unique image of quality and attention to the
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customers demand that are characteristic elements of the company market
strategy.
More recently the company has introduced a special product offering to its
customers: the so-called “quick service”. This service gives customers the
possibility of customizing (to a certain extent) the shoes that they desire, which are
then made on order and fully realized for them. Quick Service allow the customers
to have the broadest choice of colors at their disposal; the necessary information
are gathered at the sale point, transmitted to the Pakerson factory in Cerreto Guidi
and, within 48 hours from the order, the “personalized” pair of shoes, finished by
hand by Pakerson’s masters, is delivered to the customer. This service has been in
place for some time and created the background for the Tailor Made project that
followed thereafter.
The initial specification of the new enhanced Tailor Made service were set in
the first half of 2007; a year of intensive development was required in preparation
of the first public presentation in June 2008 (Pitti fair in Florence), up to the
installation in the first shop in Saint Petersburg in late May 2009. This is the story
of the Tailor Made project whose details will be given in the following sections.
2.The business goals and the market approach
The company decision to enter mass customization business is part of a wider
strategy to extend and further raise market positioning by using at best the fifty
years’ experience of fine manual craftsmanship and the most updated technology.
The “Tailor Made” project has the objective to provide a new top service to
current customers and to address a new even higher segment, sensitive to
exclusiveness, refinement, uniqueness and innovation. This new top service is a
perfectly integrated approach between “made to measure” and  “customized
product” (as described in paragraph 3). It is designed to strengthen corporate
image linked to the combination “innovation-tailoring”.
In this way, from the market point of view, Pakerson takes on definitely an
element of differentiation in the high competitive market of luxury men shoes in
which it is not easy to find effective items to make brand and product visible.
Moreover, where this service will be implemented, the store will have a powerful
tool of sales and promotion that is expected to provide significant by-product on
traditional business. The “tailor made” project aims to increase customer
satisfaction by means of:
· Reducing the risk of customer wrong choice of shoe size (in all the
dimensions), that could end up in comfort problems, bad product
perception and negative consumption experience;
· Increasing the possibilities to choose, thanks to the high number of versions
that a configurable shoe can allow;
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· Living a more rewarding buying experience through a carefully designed
selling process.
Pakerson has defined a precise go-to-market strategy.  A store has been
selected for piloting the model of implementation. This model has been designed in
order to make a leap in the buying experience perceived by the customers:
· Creation of a shop-in-shop clearly distinguishable from the rest of the store;
· Furnishings and layout according to precise interior design concepts
consistent with the ideas of high technology and craftsmanship;
· Personnel with high competence, specifically trained on new technologies
and materials;
· A selling process designed extremely in details to cover all possible
situations and requirements.
The roll-out strategy that has been decided will set new points of service on a
step-by-step basis in order to monitor closely market responsiveness and adapt
progressively production capabilities. Stores to be provided with the “tailor made”
service will be selected according to specific parameters such as the store
capability to meet “tailor made” concept requirements, mix of products sold,
profile of customers, turnover.
3.Front and back end processes
The aim of this section of the paper is to provide a comprehensive description of
the processes through which the transaction between the end customer and vendor
(Pakerson) takes place. The business of selling and making customized footwear
can, indeed, be split in two separate sets of processes, each one taking place in its
respective domain. First we have all those processes that take place in the shop, in
direct contact with the final user and involving him in a series of activities that,
depending on the kind of customization model adopted by the company, can have
different levels of complexity.
We can consider all these activities as the “front end” of the entire process of
selling and making customized shoes: they come as first, they involve the end user,
through them a first contact with a potential client is established. So a great
attention is normally paid to their implementation, in order to choose the right
technologies and to make sure that these steps are performed in the most suitable
and effective way (see Figure 1).
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Figure 1. The front-end processes
Having said that, it is relevant to remark that, behind the curtains and in a way
not directly visible (yet) to the end users, there are other very important process
steps that take place and which it is worth spending some comments about. These
are all those activities that occur downstream of the acquisition of the customer
data and of the details of its order and that lead to the actual manufacturing of the
ordered shoes; they can be considered to be the “back (invisible) end” of the
footwear customization business, but they are of no less relevance than the ones
that happen in the shop with the direct participation of the clients.
Figure 2. The back-end processes
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These activities may involve a certain degree of “design tailoring” and they
cover the various steps, which are necessary for the manufacturing of the shoes
ordered by the customer (see figure 2).  Design tailoring is the specific task that
must be performed in all the situation in which a true bespoke (tailor made) last is
generated as an outcome of the customization process (which is not always the
case); when this happens, the “original” design of the shoe (its style and technical
details) must be transferred (or adapted) to the modified last, making sure that no
relevant changes are introduced to the design originally created by the shoe
designer and chosen by the customer for his purchase (so we are in fact speaking
here of a “dimensional adaptation” of the design to the geometry of the tailored
last). This complex task can be performed manually or more realistically (and
suitably) with the use of CAD software systems that can make its accomplishment
easier and faster.
Production then follows; dealing in details with the complexity of this phase
(very much dependent on the nature and quality of shoes to be produced and with
the additional burden of the complications introduced by customization), is not the
topic of this paper. We only want to remind here that the importance of these parts
of the process must be highlighted and that its complexity in relation to
customization must not be underestimated.
The Pakerson Tailor Made System follows this general scheme; nonetheless
there are several specific aspects that characterize the unique set of solutions that
were adopted by the company; these aspects will be highlighted in the following
sections. At the commencement of the project, general specifications were defined;
all the various technologies that were later either selected or developed specifically
had to adhere to these specifications; they can be summarized as follows:
(1) All the systems in the shop had to be simple to use and robust in
their operations; this enforced the selection of foot scanning systems
with an easy deployment procedure and that did not require frequent
calibrations
(2) Only a limited number of shoes (samples) were to be present in the
shop; hence the largest part of the configuration process had to be
supported by a specific software through the presentation of high
quality rendered images of the entire set of models in the collection
(3) No processing of any kind would have taken place in the shop; all
the steps related to matching / elaborating the customized last for
each client would have been done at the Pakerson factory in Cerreto
Guidi. The shop was only to perform the function of collecting
customer data and requests to be then sent to the production plant.
(4) Considerations of various kinds (including lack of appropriate
software applications at the time of starting the project) led to the
decision that the matching / last elaboration process would have
been supervised by a shoe expert in the design department of the
factory (in line with the tradition of the company of combining in the
most effective way modern technologies with the consolidated skill
of its workers); hence the decision was taken to look for an
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interactive, user assisted software application that could perform
this task.
The detailed architecture of the Pakerson Tailor Made System is presented in
Figure 3; it consists of six specific procedures that, altogether, make up both the
front-end and back-end processes. These procedures are:
· Procedure [A] (front-end): customer profiling and main data acquisition
· Procedure [B] (front-end): foot scanning and foot data storing
· Procedure [C] (front-end): product configuration and code identification
· Procedure [D] (front-end): product order creation and submission
· Procedure [E] (back-end): file format conversion and transfer
· Procedure [F] (back-end): foot and last matching and manufacturing order
Figure 3. Pakerson Tailor Made Procedures (A, B, E)
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Figure 4. Pakerson Tailor Made Procedures (C, D, F)
These procedures will be now described in more details, highlighting their
purpose and the software and hardware systems that implement them.
Procedure (A); the purpose of this procedure is to collect the basic data of the
customer (name, address, contacts and so on); it was developed as a customized
MS ACCESS application with a personalized user interface and specifically written
Visual BASIC plug-ins. Its most important aspect is the generation of unique
customer code (CUSTOMER_ID), which will be used, thereafter, to identify all
his data in all subsequent transactions with the company. The data created at this
stage are store in a specific ACCES database stored locally in the PC of the shop.
Figure 5 and 6 show the opening (welcome) page of the so-called “shop
application” and the specific page for the recording of customer data and the
generation of the customer code. At the bottom of the page, a “scan” button can
be seen. The clicking on this button generates an automatic transfer of the
CUSTOMER_ID to the scanner software and the launching of the scanning
software (Corpus.e Lightbeam Ó). It may be noticed that CUSTOMER_ID carries
a progressive number; this possibility was introduced to allow the shop personnel
to repeat the foot scanning process more than one time for each customer in order
to compensate for possible statistical errors in the capturing of the foot features.
At the present stage the foot scanning step is repeated three times; all three scans
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are associated to the same CUSTOMER_ID and will then be processed
accordingly during the matching phase.
Figure 5. The welcome page of the shop application
Figure 6. The data creation and CUSTOMER_ID generation page
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Procedure (B); the purpose of this procedure is to scan the feet of the
customer and to store their 3D digital model. A Corpus.e Lightbeam foot scanner
is used for this purpose; this system was selected after a careful evaluation of
several other feet scanning systems available in the market at the time of the
survey. Two main reasons drove this choice:
· The system is easy to deploy and install; it connects to the PC via a
standard USB port and is controlled by a very simple client software
that only requires a few commands to perform the scanning; moreover
the scanner comes pre-calibrated from the vendor and does not require
to be calibrated during its normal operating life; this is a very important
characteristic in particular when these machines are to be installed at a
great distance from the company location.
· The investment related to the purchase of the equipment is relatively
low which sets the purchase bracket of the entire Tailor Made system
at a level that can be afforded also by relatively small shops; this was
considered a very important aspect in view of a possible widespread
diffusion of the Tailor Made System among Pakerson’s commercial
partners. Additional costs are incurred per each foot elaboration since
raw data are not processed locally but sent to remote Corpus.e server
where all the computations (foot reconstructions) take place. These
costs are anyway of a bearable entity and they are charged on a “per-
scan” basis. For this reason the system needs an Internet connection to
operate (to send foot raw data and to receive foot model visualization
data).
As a special feature in the Pakerson Tailor Made project, a particular heel plate
is fitted to the scanner to allow a precise acquisition of the foot with the correct
posture it has in the shoe; the scanner in fact typically scans feet flat, with the
subject standing on the platform wearing special colored socks that carry a
geometric pattern used by the system to reconstruct the geometry of the foot
(Magic Skin Ó). But, due to heel raise of the shoe, the foot doesn’t lay flat in the
shoe itself; if this particular feature of the foot shape is not taken correctly into
account, the subsequent matching process can be greatly complicated. Hence
Pakerson developed together with Corpus.e a specific kind of heel plate that helps
modeling the foot with its proper shape. Figure 7 shows the user interface of the
Lightbeam Ó client software; the 3D model visualization shows the curvature of
the foot induced by the heel plate; in the customer data tab, one can see the
CUSTOMER_ID that Procedure A has generated and transmitted to this software.
At the end of the scanning process, feet data for each customer are stored in the
Corpus.e data servers in a proprietary format; datasets contain both feet and are
identified by the CUSTOMER_ID.
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Figure 7. The Lightbeam software user interface
Procedure (C); the next logical step in the customization process is the
configuration of the shoe (the identification of the specific product variant, among
those offered by the vendor, the customer specifically likes). This procedure is then
aimed at handling this configuration process. In order to make his choice, the
customer must be presented with all the models available in the collection and with
all the possible choices he has to “configure” his own one; so two main aspects are
very relevant here:
· The way in which the “navigation” along the configuration tree takes
place; this must be easy and intuitive, it must allow the user to move
forward and backwards at any step of the process, clearly indicating at
any time at which specific point of the configuration process he is. This
goal is achieved in the Pakerson product configurator with an easy to
use and to navigate, HTML based user interface that relies on a double
display hardware setup for maximum “comfort” of operation: on the
first, horizontally mounted 17” touch screen, one can interact with the
software an make his selection simply touching the screen in the
appropriate areas. On the second, vertically mounted 20” LCD display
a real size, high quality picture of the shoe “in construction” is
displayed.
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· The second relevant aspect in this process is the quality of the images
of the shoe being configured; these images are supposed to take the
place of the real samples (which it would be too expensive to produce
in all the hundreds of possible variants) normally seen on the shop
shelves; so the images have to exhibit a high degree of realism and the
user must also be given the possibility of dynamically interact with them
(rotate and zoom) in order to examine the virtual model of the shoe
from any direction or position he wishes.
Pakerson’s product configurator was specifically developed by SEAC02 in
Turin (Italy) and it is based on the Linceo Ó real time rendering engine developed
by the company; the rendering is computed dynamically in response to rotation /
zoom commands given by the user through the interface mentioned above; it
makes use of complete 3D models of the shoes created with the Shoemaster Ó
software for shoe design. Figure 8 below shows one of the steps of the
configuration process as the customers sees it on the touch screen, while Figure 9
shows an example of the high quality rendered pictures generated by the Linceo
software. As a final phase of the configuration process, a summary page with all
the details of the configured shoe is presented; this page also shows the
PRODUCT CODE associated with the specific product variant created by the
user; this code is automatically transferred to the next application in the shop
process chain.
Figure 8. The user interface of the product configurator
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Figure 9. A rendered image of the Pakerson Tailor Made shoe configurator
Procedure (D); the aim of this last procedure, that still takes place in the shop,
is to gather the final details about the customer order (such as number of pairs of
shoes, delivery requirements and similar) and to prepare them for the downstream
processing. This application is part of the set of programs developed as VISUAL
BASIC tools of MS ACCESS. A simple user interface guides the shop personnel
through the very simple steps of the order creation; the most important piece of
information is, at this stage, the PRODUCT CODE identified at the end of the
configuration process; this code is retrieved by this procedure and associated to
the CUSTOMER ID that has created it and it is then stored in the order database.
Once confirmed (released) by the shop, all the orders are wrapped and compressed
and automatically sent, each day, to Pakerson headquarters for the manufacturing
of the corresponding shoes. Orders are downloaded in the design department of
the company and processed as described below.
Procedure (E); this is a simple yet useful batch procedure aimed at transferring
the requested foot scan files from the Corpus.e servers to a dedicated transit area,
accessible to the matching software that will be described in the next section;
besides transferring them, a data conversion (from the proprietary format used by
the scanner to the standard STL format) is also done; all scans performed by the
Pakerson shop(s) are immediately processed by this procedure, converted in STL
format and stored in the transit area. They will be kept in this area until the
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matching process is completed. This procedure can be considered to be part of the
back end processes
Figure 10. The order creation procedure (highlighted the PRODUCT CODE)
Procedure (F); this is the most important back end processing step; it is
executed in the design department of Pakerson and its purpose is to match every
customers’ feet against all the occurrences of the last data base in order to identify
the best suited last size for his shoes. There are three main aspects that
characterize Pakerson’s approach in this area, with respect to other competitors:
(1) The last library; a great deal of attention and experimental
investigation was dedicated to the development of the lasts for the
Tailor Made project; their volumes, structures and main lines  were
optimized for maximum comfort and stylish design. Three families
of lasts are currently part of the offer. A careful study was then
conducted to develop the best grading criteria and rules to avoid on
the one hand an exaggerated “explosion” of the number of
occurrences in the data base (this to maintain as much as possible an
industrial approach in the production of the shoes) and, on the
other, to ensure a fine enough grading grid, so that every possible
foot could find its match in the last library; for this purpose, lasts are
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graded in length, ball girth and instep girth providing several
hundreds occurrences for each family
(2) The matching rules; they define the way each last is compared with
the foot, in which sections and with which tolerance intervals; these
rules were defined by Pakerson’s design team and coded in the
software according to their specifications.
(3) The way the software operates; the matching algorithms provide by
themselves a first proposal of the best matching last, but then the
result is checked by an experienced shoe technician who can first
control and, whenever necessary, improve the output of the
software.
These are the steps in which the matching process takes place:
· First the orders to be processed are received, unpacked and visualized
in the “Order processing list”; each order contains two basic piece of
information: the CUSTOMER ID and the PRODUCT CODE (or
PRODUCT_ID);
· Then foot scans are transferred from the web repository to a local data
base for an easier and faster accessing
· For each order in the list, foot scans carrying the name CUSTOMER
ID are retrieved, aligned and prepared for the matching
· For the same order, through the PRODUCT CODE, the associated last
library is identified and loaded in the software (each product code
contains in fact the designation of the model of last on which the shoe
is to be manufactured).
· The matching software than scans the last database against each set of
left and right foot to identify the last size – ball girth – instep girth that
best satisfies the matching criteria; the results of the matching are
displayed visually and compared numerically.
· The operator can eventually either validate the choice of the software
or improve the selection shouldn’t he be satisfied with the quality of the
result.
· When the process is completed, the identified last data are used to
complement the PRODUCT CODE information with the additional
indication of the last size, ball girth, instep girth creates a
manufacturing order; this fully defines to the product to be
manufactured for the customer.
This matching software (FOOT TO LAST Ó) was developed by the Spanish
shoe research center INESCOP upon the specifications and requirements defined
by Pakerson’s project team.
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4.The Pakerson shop in Saint Petersburg
Since the very initial steps of the project, Pakerson decided that the pilot
installations of the new Tailor Made system would have been in the Russian
market; the reasons for this choice have already been presented in this paper. The
company has two prime locations in Russia where its shoes are sold in flagship
stores: one in Saint Petersburg and the second one in Moscow. The first to the
equipped with the system and the only operational one at the time of writing this
paper is the shop in Saint Petersburg.
It is located in one of the shopping areas of the city, where several of the most
important European, and in particular Italian, shoe brands are also present; it
normally sells the whole collection of man and lady shoes specifically developed by
the company for the Russian market; models are constantly renewed, season by
season, as it is the rule for this market and mandatory for the premium, luxury
shop in which they are presented.
The Tailor Made service is offered in a separate area of the shop, separated by a
line of curtains from the main shopping surface; the area provides comfort and
privacy to the clients who wants to purchase the customized shoes. The corner has
three main elements:
(1) The scanner; a Corpus.e Lightbeam photogrammetric scanner is
installed there; it connects to the Corpus.e servers through the
Internet connection available in the shop itself; the scanner is fitted
with a heel plate for maximum accuracy in the acquisition of the
foot shape.
(2) The workstation; a PC with a dual screen setup is used for several
functions, from customer data acquisition, to controlling the
scanner, to configuring the shoe. One of the two screens has a touch
function that allows the shop personnel to operate the system. The
key application here is the Product Configurator; in this part of the
process, the shop assistant (or the client himself) can create his own
shoe configuration by simply touching the main screen, while a large
size, high resolution realistic model of the shoe is visible on the
vertical LCD.
(3) The samples; this last but not least important part of the Tailor
Made corner consists of a set of shelves where physical samples of
the Tailor Made shoes are on display; this gives the customer the
possibility to check visually and physically how the real shoes look
like; he can appreciate the quality of the construction and of the
materials adopted. These “tactile” sensations are vital to
complement the “virtual” configuration process and they constitute
a fundamental step of the whole purchase process.
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Figure 13. The Pakerson Tailor Made corner in Saint Petersburg
Being these the components of the Tailor Made Corner, it’s interesting to
describe how the typical selling action is done; this goes through a number of well-
defined steps:
· First the customer who shows an interest in the Tailor Made range of
products is briefly explained how the concept works and which kind of
advantages it has with respect to the traditional kind of shoes;
promotional material is available to support these explanations. A price
indication is also given early at this stage so that the customer is aware
of the level of expenditure that this service implies.
· The customer is then invited to the Tailor Made corner where his
personal identification data are taken and he is attributed his personal
code
· He can then proceed with the scanning process; he is requested to take
off his shoes and socks and to wear the specially marked socks used by
the Lightbeam scanner, and to step on the scanner platform; the whole
process takes a few minutes. When the 3D models of his feet are
correctly displayed on the screen, he is allowed to step down and
remove the socks
· Next is the configuration of the shoe; after a short explanation by the
sale assistant, this task can be performed by the assistant or by the
customer himself. This activity can take a few or several minutes
depending on how much the customer enjoys “playing” with the
software before he finds the article he likes.
· Finally, when he is happy with the choice and with the examination of
the samples, he is informed about the final price of the shoes he has
configured (the price depends primarily on the materials he has chosen
so it cannot be defined exactly until he finalizes his choice) he can
confirm the order; at this point the delivery timing for his products is
communicated.
When the shoes get out of the manufacturing plant, they are shipped to the shop
where the customer is invited to return to collect them; once more in the shop, he
performs a wear test of his customized shoes to confirm that they actually fulfill his
expectations.
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5.Initial feedbacks and future plans
When this was work was originally proposed to be presented at the 5th Mass
Customization and Personalization conference in March 2009, the plans were that
the shop in Saint Petersburg would have been fully operational by latest May so
that enough feedback and customer impressions could have been collected and
discussed in this Conference; unfortunately a series of unpredictable and, to some
extent, uncontrollable events took place in the meantime and eventually slowed
down the market penetration of the new service.
First technical problems with the prototypal equipment that, at this stage of the
project, had to be supplied directly from Italy to Russian shop, were responsible
for a much slower ramp up of the installation that, all along its first four months of
operations, underwent a few upgrading steps and bug fixing in the software
programs; secondly, the economic downturn that has so badly hit virtually all the
consumer markets in the western world, did not spare Russia, causing a
remarkable decrease in the sale volume of several kinds of goods, including the
luxury items such as Pakerson shoes and prime level services as the customization
one is. Even the wealthiest clients exhibited a much more cautious purchasing
behavior; despite the interest they declared for the new Tailor Made service, they
have been very reluctant in finalizing their deals and purchasing the shoes. It is
believed that this situation is going to evolve in the positive direction and the first
signals of this happening are already somehow visible; yet it is very difficult to
predict if and when the Russian market will return to the levels, which determined
the fortune of many Italian luxury brands
Hence only very limited results can be presented here; feedbacks are also based
more on impressions than on solid, statistical accounts. What can be said, mostly
basing these evaluations on the comments gathered in the various public occasions
in which the concept of the Tailor Made service was presented (both in Italy and in
Russia) is:
· The idea that a traditional and solid brand like Pakerson is, innovates its
market approach with a more customer centric concept, is not only
well accepted by their commercial partners and by the end user, but it
definitely contributes to rejuvenate the image of the company.
· Costumers seem to appreciate and “buy” the idea of combining a very
traditional product, with still a strong taste of craftsman ability, with a
high tech approach which mostly emphasize the combination of
comfort and style; this is the most important element of the “value
proposition” of the new service
· The long time needed to go through the various steps of the purchase
process (between 20 minutes and half an hour) is not seen as an
impediment or disturbing factor; on the contrary, the higher care with
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which each customer is attended by the sale personnel is very much
appreciated and largely compensate for the greater amount of time
spent in the shop.
· The four weeks delivery time declared by Pakerson as typical of this
service is not seen either as a problem; the typical customer does not
seem to be disturbed by this apparently long amount of time. The
promise is that a better product will reward his waiting and this seems
to suffice him.
This is basically what can be reported at this point in time; more elements will
be certainly available by the end of the year when it is forecasted that the
installation will reach a fully operational status and the sale volume will also catch
up allowing the gathering of a more solid set of statistical data. Pakerson is
anyway determined to carry on with the strategy outlined at the beginning of the
projects and the plan to open a second shop in Russia before the end of 2009 is so
far confirmed.
6.Conclusions and lessons learnt
The evolution of the Pakerson product is a path of continuous research in melting
its typical style with always new and updated working techniques and materials
that increase the shoe quality level.  With the “Tailor Made” project, Pakerson
finds a more effective way to offer to its customers the Pakerson style built in the
product; a style that is the expression of the typical Florence creativity as it is the
synthesis of professional competence, innovation skill and consistency with the
Tuscan shoe industry tradition.
The always-improving quality shoe is now offered with a breakthrough in
customer satisfaction.  This is due to both “made to measure”, that provides the
best fitting conditions, and “customized”, that gives to the customer the possibility
to choose its own way among a wide variety of options and to meet its
requirements in a better way. The “Tailor Made” processes have been designed in
details in order to make the whole architecture consistent with the strategic
positioning that the company wants to strengthen.
For instance, regarding front-end processes the very wide variety of options
could have led to confusion in the customer, if not supported by a specific
configuration software that helps the customers with a proper sequence of choices
and the presentation of high quality rendered images. The back-end processes, as
well, and specifically the foot and last matching procedure, have been designed to
preserve the consistency with the long tradition of comfort and quality shoes by
building in the software model rules that are a specific company asset that has
grown during its history. The design of the procedures that made of the
architecture of Pakerson Tailor Made System has been guided by four preliminary
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specifications: easiness of systems to be used in the shop, limited number of
samples in the store, all data processing centralized in Cerreto Guidi, matching /
last elaboration process to be supervised by a shoe expert. The all system has been
developed accordingly and the first implementation is now running in the flagship
store in Saint Petersburg.
The initial feedbacks from customers show an overall high appreciation of the
Tailor Made value proposition and, specifically, they seem to have caught the
combination “high tech – craftsmanship” very positively. Although front end
procedures take some time, customers are rewarded by the purchasing experience,
particularly regarding the time spent “playing” with the configuration of their
shoes. Also the four-week delivery time does not seem to be a problem; on the
contrary it strengthens the value perception in the customer.  With these first very
positive feedbacks Pakerson is ready for rolling out its Tailor Made go-to-market
strategy.
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1. Introduction      
Mass customisation (MC) is used to define many systems in operation today that 
are delivering personalised products to users, with companies such as Nike 
(nikeid.nike.com), Timbuk2 (www.timbuk2.com), BMW (www.bmw.co.uk) and 
Dell (www.Dell.com) all offering their own service. To employ MC requires a 
company wide strategy, altering amongst others; production and sales methods 
(Piller et al., 2004). The limited amount of literature available revealed that many 
of the services have been designed inappropriately (Franke & Piller, 2003; Rogoll 
& Piller, 2004), which can lead to failure, as occurred with Levi’s Original Spin 
Program (Corocan, 2004). Failures such as this underline the importance of 
understanding the level and type of choices consumers actually require (Piller et 
al, 2004).  
In the sports footwear market it is difficult to establish whether personalisation 
has been successful; ten of the large sports footwear brands offer personalisation 
services (correct as of the 28/10/2008) providing, predominately, aesthetic leisure 
shoes. Adidas (www.miadidas.com) is the only exception offering a primarily 
comfort and performance service focusing on performance footwear. However, in 
the United States, they have recently started to offer a principally aesthetic 
service similar to the other sportswear brands. Nike iD, Nike’s personalisation 
service is well advertised on their website (www.nike.com); when you enter their 
online store the shoes that can be personalised are mixed amongst the standard 
products. Out of the 780 shoes offered for men in the United States online store, 
131 can be personalised using the iD service (correct as of the 28/10/2008); 
nearly a fifth of the available shoes. Reebok (www.reebok.com) were only 
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allowing people in the United States to personalise shoes but now offer the 
service worldwide. These are signs that some of the these services may be 
successful yet they are not the companies’ core business. The sports footwear 
market is very large and although a substantial amount of leisure shoes are sold 
every year, running shoes are the highest selling category in the United States 
(NPD Group Inc., 2008). Only a few of the services currently offer running shoes 
for personalisation, again primarily with aesthetic options. This aim of this 
research was to establish a market potential for personalised running shoes and 
discover whether the current services’ foci are appropriate. In order to achieve 
this the following objectives were identified. 
• Investigate the sales of running shoes. 
• Establish a consumer interest in the personalisation of running 
shoes. 
• Understand what influences consumers when purchasing running 
shoes. 
2. Existing Literature 
2.1. Sales of Running Shoes 
Sports footwear is estimated to account for 31% of United Kingdom expenditure 
on footwear with over £1.4 billion spent in 2007 (Mintel Marketing Intelligence, 
2007a). Supporting this fact, in a survey conducted in the United Kingdom; 
(Mintel Marketing Intelligence, 2007a) 41.8% of 25,000 adults, asked, had 
bought sports footwear in the past year. Focusing on running specifically, in the 
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United Kingdom, from 2002 to 2006, there was an increase of over 60% in the 
number days spent by participants running regularly1; over 278 million days in 
total in 2006. (Mintel Marketing Intelligence, 2007b). Walking2 also had an 
increase of over 50% to nearly 3000 million days, with many of the participants 
expected to be wearing running shoes. It has not been possible to locate specific 
information concerning sales of running shoes in the United Kingdom, so sales 
information from the United States was examined. It is estimated that over 92 
million pairs of adult running shoes were sold at an average price of $58.19 in the 
United States in 2008 (see table 1). That is the equivalent of nearly one third of 
the American population buying a pair (Central Intelligence Agency, 2008), and 
over 26 million more pairs than leisure footwear, the second largest selling 
category. This defines the running shoe market as the major market in the sports 
footwear category. 
 
Shoe Type 
Total POS 
May 08 
(millions) 
Forecasted 
Annual POS* 
(millions) 
Forecasted 
Annual Sales 
US (millions) 
Average Sale 
Price 
Forecasted 
number of 
shoes sold 
(millions) 
Running $201 $2,413 $5,363 $58.19 92.17 
Basketball $109  $1,310 $2,911 $70.17 41.49 
Leisure $105  $1,259 $2,767 $42.46 65.87 
*Accounts for approx 45% of the total athletic footwear US market  
 
Table 1. Forecasted sales of three different categories of athletic footwear for 2008 in the United 
States (from NPD Group Inc., 2008) 
 
 
                                                 
1  UK adults participating at least once a month.  
2  Defined as walking two miles or more for recreational purposes.  
Head, Porter and Summerskill: Specifying a system to facilitate the design, by consumers, of 
personalised running shoes 
 
 
Submitted to 5th World Conference on Mass Customization & Personalization MCPC2009 5 
2.2. Consumer interest in Running Shoe personalisation 
The EUROShoE study (Piller, 2002) provided an exploratory estimation of 100 
million pairs per annum as the potential market volume for customised shoes for 
four European countries; Germany, Italy, Spain and the United Kingdom, table 2 
shows a breakdown of this figure. While, due to the exploratory nature of the 
research, this is likely to be an inflated figure, it shows there is, potentially, a 
large demand for personalised shoes.  
 
Market Volume for mass customised shoes (million pairs p.a.) 
 
Male Female Total 
Germany 12.3 32.8 45.1 
UK 11.2 29.2 40.4 
Italy 2.2 10.2 12.4 
Spain 2.2 4.8 7.0 
 
Table 2. Potential Market volume for personalised shoes (from Piller, 2002) 
 
Establishing an interest in the personalisation of running shoes is more 
difficult. A survey published in 2007 (Stuhlfaut and Sullivan) found that, out of 
196 frequent runners (men ran an average of 42.58 miles a week whilst the 
woman ran 29.57 miles), 15% used orthotics prescribed by a doctor with a further 
6% buying non prescribed orthotics and insoles. Although the sample is relatively 
small and located primarily in the United States, a fifth of all participants 
requiring some sort of physical personalisation to their running shoes is a sizeable 
percentage. From the 21,326 runners who either test or applied to test shoes for 
New Balance, 2613 (12%) wear either orthotics or insoles (Babb, 2008). This, 
although a lower percentage than the first survey, is still a large number of people 
that currently personalise their footwear.  
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These data demonstrate market potential for personalised running shoes, 
particularly in the United States and certain parts of Europe. The number of 
runners using orthotics demonstrate that a personalisation system offering running 
shoes may need to offer more than just the aesthetic options, predominant in the 
current market, to be successful.  
2.3. What Influences the Consumer when Purchasing 
Running Shoes 
In a 16km street race in Berne, Switzerland in 1984, the 6,620 runners 
participating were given a survey to complete (Marti, 1989). Of these, 5038 
(76%) completed the survey, 91% of which were male. The males in the field had 
an average age of 33 years old, so the data collection is biased towards young 
males and regular runners, who would have trained to compete in this event. The 
participants were asked to rate eight different shoe selection criteria, for 
importance, giving a score between 0 (not at all important) and 3 (very 
important). The results are presented in table 3. 
 
 
 
 
 
 
 
*Scale of relative value is from 0 (not important) to 3 (very important)  
Table 3. 1984 Berne street race participants ranking of 8 shoe selection criteria (from Marti, 
1989) 
  
 
Criteria 
Scale of 
Relative 
Value* 
1 Orthopedically correct construction of the running shoe 2.71 
2 Fit/comfort 2.65 
3 Slip-resistance/profile of sole 2.12 
4 Durability 1.88 
5 Low weight 1.53 
6 Cost 1.22 
7 Appearance (colour/model) 0.55 
8 Used by champion runners 0.38 
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Comfort and performance related aspects all rank higher than the more 
superficial aspects, such as appearance and use by a champion runner. The cost is 
also not considered to be particularly important when purchasing running shoes. 
These findings are substantiated by Collazzo’s study (1988) of consumer 
problems encountered when shopping for footwear; size and fit were of far more 
importance to the 240 surveyed participants than fashion, price or quality. 
Stuhlfaut and Sullivan (2007) asked 204 people, all frequent runners (running 
over 40 miles a week), to rate how fashionable they needed their shoes to be on a 
seven-point likert scale (0 - I don’t care how they look, to 7 - very fashionable). 
62% of participants weren’t very interested in how fashionable their running 
shoes were; all gave a score of three or less. However, 18.2%, of the males and 
26.5% of the females had bought running shoes solely, before, for fashion 
purposes. 
This research shows that comfort is a consistent influence on specific groups 
of consumers’ running shoe purchase, as demonstrated by large numbers of 
runners using orthotics and insoles. Aesthetics appears to be of less importance. 
The somewhat limited current data, however, means further research is desirable.  
3. Focus Group 
The main aim of this research was to establish if there was market potential for 
personalised running shoes and if the currently available personalisation services 
foci are appropriate to maximise the running shoe market. The literature reveals 
market potential for a running shoe personalisation service and that the current 
services’ foci on aesthetics may be inappropriate. In order to identify the desired 
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characteristics, an overview of how and why people choose and purchase running 
shoes and an understanding of participants’ existing knowledge and interest in 
shoe personalisation services was required. Focus groups were selected as a 
method as they provide a suitable method of eliciting participants’ attitudes, 
habits and usage in relation to a specific topic (Greenbaum, 1998). To structure 
the focus group the following objectives were identified; to investigate: 
• how participants buy their running shoes 
• what influences them when buying running shoes 
• what they use their running shoes for 
• what is important to them in a running shoe 
• how they feel their running shoes could be improved 
• participants’ knowledge and attitudes toward current footwear 
personalisation  
3.1. Method 
All methods summarised in this section were adapted from methods outlined by 
Langford and McDonagh (2003) and Greenbaum (1998).  
3.1.1. Sample Recruitment 
Four focus groups were carried out, with 20 participants in total; Male Runners (6 
participants), Female Runners (4 participants), Male Non-Runners (6 participants) 
and Female Non-Runners (4 participants). ‘Runners’ were defined as people who 
used their running shoes predominately for running and ran at least twice a week 
in them. ‘Non-Runners’ predominately used their running shoes for activities 
other than running but may have run up to two times a month. Separate focus 
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groups were run for the different sexes. The intention of categorising subjects 
was, in the broadest sense, to group people with similar uses for their running 
shoes and to try to encourage an environment in which everyone was comfortable 
to contribute (Langford and McDonagh, 2003), without greatly increasing the 
number of focus groups required. All participants were based at Loughborough 
University.  
3.1.2. Focus Group Setup  
A guide, including a time plan and exercise description, was used by the 
moderator to help ensure the sessions remained on track. Each focus group was 
scheduled to last two hours with refreshments and a break in the middle of the 
session. Before the first exercise began the moderator explained that participants 
should try and avoid interrupting each other during discussion. 
Participants were seated, in no particular order, around a table; the moderator 
was seated at the end of this table. The places were facing each other to 
encourage conversation. Each participant had the following provided for them. 
• 1 x Participant identification letter: the letter by which they would be 
referred to in any reports made on this session. 
• 1 x Participant consent form: ensuring confidentiality and the right to 
withdraw. 
• 1 x Information sheet: providing an itinerary and explanation of each 
exercise to be undertaken. 
• 1 x Running shoe usage questionnaire: to be completed at the start of 
the session.  
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• 1 x Label: to write their name on and apply to themselves.  
• 1 x Pen 
Microphones were placed around the table to record the session. In a separate 
part of the room, sports footwear was arranged, with sheets for the attitudinal 
scaling exercise. 
3.2. Exercises 
Six exercises were used to elicit the different objectives of the focus group (see 
section 2.4). Table 4 shows how the exercises targeted the different objectives. A 
pilot focus group was conducted to test the methodology and changes were made 
accordingly. 
 
Table 4. The different focus group exercises and their intended objectives 
3.2.1. Exercise 1: Round Robin Questionnaire 
 
Exercise Objective(s)  
How participants buy their running shoes 
What influences them when buying running shoes 
What they use their running shoes for 
What is important to them in a running shoe 
1 Round Robin Questionnaire 
How they feel their running shoes could be improved 
How participants buy their running shoes 
What influences them when buying running shoes 
What is important to them in a running shoe 2 
Personal Running Shoes 
How they feel their running shoes could be improved 
What they use their running shoes for 3 Running Shoe Use What is important to them in a running shoe 
What influences them when buying running shoes 4 Product Personality Profiling What is important to them in a running shoe 
What influences them when buying running shoes 
What is important to them in a running shoe 5 Attitudinal Scaling 
How they feel their running shoes could be improved 
6 Personalisation Introduction Participants’ knowledge & attitudes toward current footwear personalisation 
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Four different statements were presented on separate sheets of paper; all aimed at 
encouraging a conversation concerning the aims of the focus group. The 
statements and their intended objectives are listed in table 5. Each participant had 
to respond to each statement with a simple answer (see figure 1). After this the 
moderator encouraged a discussion, using these answers. 
Statement Objective(s) 
How participants buy their running shoes 
What influences participants when buying running shoes 
Where do you buy your 
running shoes and why? 
What is important to participants in a running shoe 
What influences participants when buying running shoes 
What is important to participants in a running shoe 
Please name your favourite 
running shoe brand and a 
reason why you like them  
 
How participants feel their running shoes could be improved  Running shoes could be 
improved by…  What participants use their running shoes for 
The things that influence 
me when I’m buying 
running shoes are… 
What influences participants when buying running shoes 
 
Table 5. Statements for Round Robin Exercise 
 
 
 
 
 
 
 
 
 
Figure 1. A Completed Round Robin sheet 
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3.2.2. Exercise 2: Personal Running Shoes 
 
The participants were asked to bring their running shoes with them to the focus 
group. Each participant was asked, in turn, to talk about why they bought their 
running shoes and what they subsequently like and dislike about them. 
 
3.2.3. Exercise 3: Running Shoe Use 
 
Prior to the session the participants were asked to complete a questionnaire to 
discover which activities they carried out in their running shoes (see figure 2). 
The moderator asked participants about their answers to the questionnaire to 
establish a better understanding. The sheets were collected for later evaluation. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2. Running Shoe Use Questionnaire 
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3.2.4. Exercise 4: Product Personality Profiling 
 
In this exercise the participants were asked to picture a pair of running shoes as a 
person and identify, through a group discussion, a number of personality and 
lifestyle characteristics; name, gender, age, occupation, hobbies, personality, 
music tastes, place they shop for clothes and holiday destination. An example was 
displayed on a digital projector (Figure 3). The answers provided an insight as to 
how these running shoes are perceived and attitudes towards certain aspects of the 
design of the shoes.  
 
 
Figure 3. Product Personality Profiling example sheet 
 
 
 
 
 
 
 
3.2.5. Exercise 5: Attitudinal Scaling Exercise 
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Six different pairs of sports footwear, all the same brand, size and condition, were 
displayed and the participants were provided with a response sheet to complete 
(Figure 4). Amongst these shoes were three pairs of running shoes. The 
participants had to rate each pair of shoes on a scale for; attractiveness, comfort, 
price, practicality and durability, all important aspects of sports footwear, 
identified in the literature (see section 2.3). They were allowed to handle the 
shoes to aid their answers. After they had completed this task there was a short 
group discussion about their attitudes towards each shoe. The answers provided 
an insight as to how the footwear was perceived, and more specifically, how the 
running shoes were perceived with respect to the other footwear. 
 
 
Figure 4. Completed Attitudinal Scaling response sheet 
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3.2.6. Exercise 6: Personalisation Introduction 
 
The participants were shown a brief PowerPoint presentation that demonstrated 
the main ways in which sports footwear can currently be personalised and the 
services currently available. After this the moderator asked questions concerning 
participants’ knowledge and attitude towards current sports footwear 
personalisation services. 
 
 
4. Findings 
The key findings for each objective are summarised below. 
4.1. How participants buy their running shoes 
Table 6 outlines where participants tend to purchase their running shoes, taken 
from the round robin exercise. General sportswear chains were by far the most 
popular option, however, the internet is also shown to be a popular option, 
particularly for the runners. Discussion revealed that a large number of the 
participants need to initially purchase shoes from a specialist running store, 
ensuring the shoes suit their feet, before they are happy to purchase the same 
model over the internet. 
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Purchase location 
Participants may have stated more than one 
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Male Runners 2 1 2 1 1  
Female Runners 2  2    
Male  
Non-Runners 5 1    1 
Female  
Non-Runners 2 1 1    
Total 11 3 5 1 1 1 
 
Table 6.  Participants’ running shoe purchase location 
4.2. What influences participants when buying running 
shoes 
When purchasing running shoes, the participants in this exercise were influenced 
by a wide range of factors. Brand perception influenced a lot of the runners, 
particularly the males who, when they were purchasing running shoes, opted for a 
brand that they perceived would provide good comfort, fit, injury prevention and 
durability. Some participants would not buy certain brands because of poor 
previous experiences. Participants who had previously found a model that fitted 
well and kept them injury free, were, primarily, influenced by the price. Many of 
the participants were concerned with the cost of the shoes and tried to ensure that 
they got a good balance between price, fit, comfort and aesthetics. The non 
runners, in general, were more concerned about getting a perceived good price 
Head, Porter and Summerskill: Specifying a system to facilitate the design, by consumers, of 
personalised running shoes 
 
 
Submitted to 5th World Conference on Mass Customization & Personalization MCPC2009 17 
than the runners, perhaps because they would not be using them for running as 
often. A few of the participants, split amongst the focus groups, but all frequent 
runners at some point in their life, would not consider the price until they 
identified a range of shoes that suit their needs. 
 
4.3. What participants use their running shoes for 
Table 7 details the activities the focus group participants used their running shoes 
for, taken from the completed running shoe use forms. The participants in these 
focus groups see the running shoe as a multi-purpose training shoe predominately 
for running, the gym and to play other sports. They use the shoes for a wide range 
of sports including racquet sports and volleyball. For these sports consumers are 
putting their health at risk, wearing shoes that are not suitable for the support 
required of the foot. There may be several reasons for this; the discussion 
revealed finances, convenience and a lack of knowledge about shoe suitability all 
made a contribution. The non-runners also use their shoes for other non-sporting 
activities, wearing them to work and shopping more often than the runners.  
During the discussions some of the male running participants commented that 
wearing their running shoes put them in the mind set to do sporting activities. 
Nearly all of the participants agreed that running shoes were not suitable for 
wearing whilst out socialising. Some of the female runners said that, for 
convenience, they would wear their running shoes to work if they were going to 
do a sporting activity after work.  
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 Focus Group 
Activity Male 
‘Runners’ 
Female 
‘Runners’ 
Male 
‘Non-
runners’ 
Female 
‘Non-
runners’ TOTAL 
Running 6 4 6 1 17 
Wear to place of work/study 0 1 4 3 8 
Fitness Walking 1 0 2 0 3 
Hiking 0 1 2 0 3 
Gym 5 3 3 4 15 
Shopping 0 2 4 2 8 
Household tasks 0 0 3 0 3 
Dancing 0 0 0 0 0 
Wear to social events 0 0 1 0 1 
Play other Sports 4 2 4 3 13 
Other activities 3 0 0 0 3 
 
Table 7. Participants’ Running Shoe Use 
 
4.4. What is important to participants in a running shoe 
Overall, fit and comfort were the most important factors to the participants when 
considering a running shoe purchase. Additionally, the different brands’ 
perceived quality influenced purchases; consumers believing that certain brands 
would fit better and be more comfortable (see section 4.2). The reasons given for 
purchase in the personal running shoe exercise were often because of previous 
experience with a brand or model, with regards to fit and comfort. Other factors 
of importance to the participants were the durability and a suitable price. Some 
participants had more specific factors; the ability to accommodate an orthotic and 
the desire for a low collar area around the heel cup, so the shoe didn’t aggravate 
their ankle. Aesthetics were of less importance, mentioned briefly by only one 
participant.  
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4.5. How participants feel their running shoes could be 
improved 
The round robin exercise revealed that runners desired primarily functional 
improvements to shoes, with the ability to personalise a shoe with regards to fit 
and comfort featuring prominently. Increasing durability was also desirable as 
was an increase in the quality and range of aesthetic designs and colours. 
Lowering the cost was of primary concern to the male non runners with the 
ability to personalise and increased durability also featured, as with both sets of 
runners. The female non runners wanted a range of different improvements in 
their shoes, each requirement tailored to the different participant, continuing the 
theme of personalisation. The personal running shoes exercise also revealed 
aspects of the participant’s current shoes that they didn’t like such as the weight, 
size, fit, durability, colour and waterproofing. Many of these dislikes may have 
been borne out of poor initial shoe selection or lack of knowledge; much of what 
was requested is readily available. 
4.6. Participants’ knowledge and attitude toward current 
footwear personalisation 
The personalisation introduction exercise revealed that participants were not, in 
general, interested in current personalisation methods for running shoes. Some 
were interested in aesthetic personalisation but either as a gift for someone else or 
for shoes other than running shoes; track and fashion shoes. People were 
interested in shoes that suited them better, in terms of fit and comfort but didn’t 
feel the current personalisation options provided this. Another interesting point is 
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that two of the groups, the female runners and male non-runners had very little 
awareness of current personalisation methods. 
5. Discussion  
The main aim of these focus groups was to establish the desirable characteristics 
of a sports footwear personalisation service offering running shoes. These 
sessions demonstrated participants, particularly the runners, to be more concerned 
with the comfort and fit of their footwear. Runners are less motivated by price 
and aesthetics and more by the overall feel and performance of the shoe. The 
research also shows that most participants visit a store to purchase their running 
shoes; largely because of the importance of fit and comfort. Based on these 
results, a personalisation service offering running shoes needs to have an initial 
store-based fitting session to establish the appropriate fit for the consumer. The 
internet should be considered as a platform for reordering shoes and/or 
completing the personalisation process once the measurement phase has been 
completed as the participants liked to purchase over the internet. There is also a 
concern that many of the participants are using their running shoes for activities 
which are unsuitable; therefore, a service offering sports footwear personalisation 
should provide an element of education or a filtering system that ensures each 
consumer ends up with shoes suitable for their particular activities.  
The other aim of these focus groups was to establish the participants’ 
knowledge and attitude towards existing footwear personalisation. Results from 
the personalisation exercise confirmed that the current methods do not appeal to 
the participants in these sessions. When asked how running shoes could be 
Head, Porter and Summerskill: Specifying a system to facilitate the design, by consumers, of 
personalised running shoes 
 
 
Submitted to 5th World Conference on Mass Customization & Personalization MCPC2009 21 
improved, participants, particularly the runners, were clearly interested in 
personalising their running shoes; primarily with regards to fit and support. This 
demonstrates that, with the correct focus, a service offering personalised running 
shoes would appeal to many of the participants in the session. 
5.1. Limitations  
There were limitations to the results found during these sessions. The low 
number, and homogeneity, of the participants means findings should not be taken 
as representative of the whole market. Instead they provide a useful insight to the 
breadth of different opinions and strategies used by consumers when purchasing 
and using running shoes.  
The focus group participants could have been divided into more categories 
than the two employed, e.g. age and income level. However, it would have 
resulted in a large additional number of sessions. Dividing by gender is widely 
quoted as an effective way to encourage conversation in focus groups 
(Greenbaum, 1998) and splitting by running shoe use allows us to separate 
different groups of consumers.  
The split of runners and non runners in these sessions was not perfect. Some of 
the non runners used to run regularly but for a combination of reasons; injury, 
age, change of location, were not running so often at the time of these sessions. 
This was taken into consideration when examining the differences between 
runners and non-runners.  
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6. Conclusion 
The literature investigated in this paper established the market potential for a 
sports footwear personalisation service, offering running shoes. This potential is, 
however, dependent on offering suitable options for the consumer. The current 
sports footwear personalisation services’ focus on aesthetics may be inappropriate 
as the literature showed consumers to be primarily concerned by comfort when 
purchasing running shoes. These findings were reinforced by the focus groups; 
participants found the current personalisation services, with regards to running 
shoes, of little interest to them. Instead many of the participants, particularly the 
runners, desired improvements with regards to the shoes’ fit and comfort.  As a 
consequence of the fact that the majority of participants were interested primarily 
in how their shoes fitted, it is felt that an in store service, at least initially, is 
preferable.  
Further research is required to establish exactly which comfort and fit options 
are suitable for a running shoe personalisation service and how they should be 
prescribed. Once this is established, and a system is designed, there is no reason 
why a running shoe personalisation service would not be successful. 
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Abstract. Although rapid manufacturing has potential in producing personalised
footwear, it is not known how best to measure feet in this context nor even whether a
personalised shoe can positively affect comfort, performance and prevent risk from
injury. A pilot study was conducted to define anthropometric measurement techniques
for specifying personalised footwear and evaluate the most effective methods of
measuring discomfort, performance and injury risk. Recreational runners were recruited
and had anthropometric measurements taken as well as the plantar surface of both feet
scanned. Participants then were fitted with footwear under two experimental conditions:
control and personalised insole. The footwear were compared in terms of discomfort
ratings, performance and injury risks. Metatarsophalangeal joint height and hallux height
showed positive correlations (p ? 0.05) with discomfort scores in the forefoot, whereas
relative arch deformation showed significant positive correlations (p ? 0.05) with
discomfort scores in the midfoot and arch areas. No significant differences were found
between the two conditions for discomfort scores and performance. With regard to injury
risks, significant differences (p ? 0.05) were found between the two conditions for
midfoot peak plantar pressure. The results suggest that producing personalised insoles
from scan data and the rapid manufacturing process is feasible.
Keywords. Footwear, Anthropometry, Rapid Manufacturing.
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1. Introduction
Rapid manufacturing (RM) works without any tooling and therefore can
significantly reduce unit costs because they can be produced near the location they
will be used, minimizing transportation and stock space (Hopkinson and Dickens,
2001). In addition, the fact that RM can produce unique elements with geometric
freedom allows the industry to provide low production volumes or personalised
products economically feasible such as footwear to the final customer.
Footwear is the most important accessory for a runner. Despite aesthetic
options becoming available on the market, personalisation of the footwear is
potentially beneficial for individuals because of the following: (1) ‘perfect fit’
could be achieved; (2) the preferences in terms of comfort can be met; (3) the
personal requirements for reducing the injury risks can be provided (e.g. amount of
cushioning needed by each individual); and (4) personalised footwear could also be
important for improving performance.
In order to specify personalised footwear that is optimal to the individual, it is
important to bear in mind that foot shape plays an important role in the
development of many types of injury (James et al., 1978; McKenzie et al., 1985).
Low arched (LA) individuals usually have more spread of plantar pressure and are
speculated to have more discomfort because of the lack of arch (Cheng and Perng,
1999). The high arched (HA) foot is characterized by the longitudinal arch being
more rigid and not so flexible, which makes it less efficient at absorbing impact
shocks (Cavanagh, 1980; McKenzie et al., 1985).
Although it appears that arch height is a crucial measurement that can
categorize individuals, other measurements can also be important in determining
individual preferences/needs, including instep girth, bottom width, heel height, toe
box space and so on (Goonetilleke et al., 1997; Cheng and Perng, 1999; Witana et
al., 2004). Hence, it is not known how best to measure feet in this context nor
even whether a personalised running shoe can positively (or not) affect
performance, comfort and injury risk in comparison to the generic ones currently
available on the market.
A pilot study was conducted in order to investigate the important measurement
techniques for specifying such personalised footwear. The aims of the study were:
(1) to define anthropometric measurement techniques for specifying personalised
footwear; (2) to evaluate the most effective methods of measuring discomfort,
performance and injury risk. The data and the findings of the study will be
presented in this paper.
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2. Method
Six recreational runners (3 males and 3 females) were recruited (age 30.5 yrs, ±
3.9; mass 65.25 kg, ± 16.5; height 165.8 cm, ± 12.8). A repeated measures
experimental design was utilized and participants were recruited using convenience
sampling and snowballing techniques.
2.1. Foot measurements
Detailed anthropometric measurements were taken following Hawes and Sovak
(1994), to capture dimensional aspects of the foot. The 16 measurements included
girths, lengths, widths and heights. Additional anthropometric data was also
collected as described by Williams and McClay (2000). Arch ratio, arch index and
relative arch deformation (RAD) were calculated from these measures following
Williams and McClay (2000).
Moreover, individuals had the plantar surface of their both feet scanned in a non
weight bearing position, using a 3 dimensional laser scanner (Model: 200; 3D
Digital Corporation, Newtown, USA).
2.2. Experimental conditions
Once the scan data were taken, they were manipulated and personalised insoles for
trainers were manufactured from the scans using polyamide and utilizing selective
laser sintering, a RM technique. The insoles were designed to match the form of
the participants’ feet like a glove, but not to provide correction of the lower limb
abnormalities. Two conditions, control (standard shoe) and personalised (shoe +
personalised insole), were compared through single blind trials.
2.3. Performance, discomfort and injury risks assessments
Running economy was used to measure performance. Participants were asked to
wear one of the two running shoe conditions (randomly assigned) and run on a
treadmill for 6 minutes in each condition. Expired air was collected using an
Ultima CardiO2 (Medical Graphics Corporation, St Paul, USA) equipment.
At the end of each run on the treadmill for the running economy trial,
participants were given a 150 mm Visual Analog Scale (VAS) to measure self-
perceived discomfort (Mundermann et al., 2002). Six aspects of the foot were
evaluated: heel, midfoot, forefoot, fit, arch height and overall. A 7-point (‘hot’ to
‘cold’) thermal sensation scale was also used as described by the International
Organization for Standardization (ISO 7730, 1994) to assess thermal comfort.
An F-Scan Mobile (Tekscan Inc, USA) in-shoe plantar pressure distribution
sensor (N/cm2) was placed in the shoe. The participants were asked to run for 5
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times under each condition (control and personalised) for 10 meters whilst their
plantar pressure distribution was recorded.
Furthermore, participants were asked to run for 5 times under each
experimental condition, while the Vicon MX system (250Hz; Oxford Metrics,
Oxford, UK) was used to collect data. Ground reaction force was also recorded
(50Hz; Type: 9281; Kistler Instrumente AG, Winterhur, Switzerland).
The variables chosen to evaluate the injury risks were: peak plantar pressure,
rearfoot eversion, tibial rotation and peak vertical impact forces. These variables
allowed to assess the angles of the ankle joint, pressure and force applied on the
ground.
3. Results
Anthropometric measures were within the range of the normal distribution of the
population (Hawes and Sovak, 1994).
Metatarsophalangeal joint height (MPJH) showed significant (p ? 0.05) positive
correlations with discomfort scores in the midfoot (r = 0.918) for the control
condition and with discomfort scores in the forefoot (r = 0.824) and overall
discomfort (r = 0.872) for the personalised condition. Hallux height showed
positive correlation with discomfort scores in the forefoot (r = 0.896) and overall
discomfort (r = 0.836) for the personalised condition. No other significant
correlations were found between anthropometric measurements and the
discomfort, performance and injury risk variables. There were also no significant
correlations between arch ratio and arch index and these variables. However, RAD
showed significant positive correlations (p ? 0.05) with discomfort scores in the
midfoot (r = 0.910 for the control condition and r = 0.926 for the personalised
condition), in the arch (r = 0.930 for the control condition and r = 0.906 for the
personalised condition), and fit (r = 0.757 for the control condition and r = 0.861
for the personalised condition) aspects.
Student’s t-test showed no significant differences between the two conditions
for discomfort scores. The mean ratings for foot discomfort are illustrated in
Figure 1.
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Figure 1. Mean discomfort ratings and standard error for the control and personalised conditions.
No significant differences were found for peak plantar pressure under the heel
and forefoot areas. The t-tests revealed significant differences for peak plantar
pressure under the midfoot (p ? 0.05) between the two conditions.
No statistical differences were found between the two conditions for tibial
internal rotation, rearfoot pronation and impact peak force (Table 1).
Table 1. Biomechanical data.
Variable Control condition
mean ± SD
Personalised condition mean
± SD
p
Rearfoot eversion (°) 2.92 ± 0.62 2.64 ± 0.97 0.374
Tibial internal rotation (°) 13.4 ±  3.85 13.55 ±  3.38 0.771
Vertical impact peak (bw) 1.3 ± 0.36 1.16 ± 0.23 0.381
Student’s t-test showed no significant differences between the two conditions
for the VO2 consumption (25.762 mL/kg/min, ± 5.359 for the control condition
and 26.379 mL/kg/min, ± 4.98 for the personalised condition).
4. Discussion
The research presented was a pilot study, therefore only six individuals were
recruited. This must be borne in mind when interpreting the results and thus, it was
expected that there would be inconsistencies with the literature.
Discomfort ratings were low and no significant differences were found between
the two conditions. This lack of significance is not consistent with the literature.
For instance, Mundermann et al. (2003) reported that a molded orthotic, was more
comfortable in comparison to posting orthotics and nonmolded control conditions.
In addition, Yung-Hui and Wei-Hsien (2005) showed that total contact inserts are
effective in reducing discomfort when wearing high-heeled shoes. This absence of
agreement could be anticipated due to the small sample size and the short period
of time that the insoles were worn (6 minutes) in the current study.
With regard to the plantar pressure distribution, there were similarities with the
literature. Although peak pressure in the heel region was not significantly different
in the two experimental conditions, the midfoot area was significantly greater for
the personalised condition in comparison to the control. There was also a trend for
higher peak pressure (p = 0.073) in the forefoot region for the control condition.
Studies have documented that total contact inserts significantly reduced peak
plantar pressure in the metatarsal and heel regions and redistribute pressure to the
midfoot area, in comparison to a flat insert (Chen et al., 2003; Yung-Hui and Wei-
Hsien, 2005).
The anthropometric measurements, arch index and arch ratio did not correlate
significantly with: discomfort ratings, peak plantar pressure, vertical impact peak,
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tibial rotation and rearfoot eversion. Similarly, other studies did not find any
correlation between arch height and running injuries (Nigg et al., 1993; Wen et al.,
1997; Hreljac et al., 2000). On the other hand, Williams III et al. (2001) reported
that LA individuals have increased rearfoot eversion excursion in comparison to
HA runners. A possible explanation for this is the fact that Williams III et al.
(2001) compared HA and LA runners, rather than analyse the correlation between
arch height and injury risks. The pilot study sample was within the range of the
normal distribution of the population and as such, no LA or HA runners were
recruited. The of correlation of the anthropometric measurements MPJH, hallux
height and RAD with discomfort ratings may indicate what types of individuals
(e.g. with stiff arches) can have more discomfort wearing the insoles. However,
more evidence is needed to confirm or reject these correlations.
The literature reports a positive correlation between arch stiffness and tibial
rotation (Nigg et al., 1998), however as expected due to the small sample size, that
was not found in the pilot study. Furthermore, individuals with stiff arches are
thought to be poor shock absorbers in comparison to people with flexible feet
(Butler et al., 2007), which would influence the vertical impact peak values. In the
same manner as the arch height data, the results suggest that more evidence is
needed to confirm or reject a relationship between impact peak and arch stiffness.
The pilot study had limitations (i.e. the short running time on the treadmill and
the  small sample size). It also believed that the performance results may not be
reliable. For practical reasons, performance tests were not duplicated to reduce
within subject variations (Williams et al., 1991). Furthermore, many variables must
be controlled (e.g. time of the day) in order to get reliable running economy data
and differences proved difficult to be found. Nevertheless, the peak plantar
pressure distribution, discomfort assessments and the anthropometric
measurements showed promise for future studies.
With regard to the rapid manufacturing, the process of capturing the plantar
surface of the foot, manipulating and manufacturing worked well. The positive
attributes of polyamide, were that the insoles did not show signs of breaking and
did not cause significant discomfort (compared to the control condition). This pilot
work is the pre-cursor for a longitudinal study involving a broader sample of the
population and which will commence in 2009.
5. Conclusion
The anthropometric measurements MPJH, hallux height and RAD showed
potential in determining which individuals might develop discomfort wearing the
glove fit personalised insoles. Similarly, the injury risks assessments indicated
potential in identifying possible benefits of such insoles. On the other hand, the
performance test proved to be difficult to find differences.
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This research presents the possibilities of creating customised orthotic and prosthetic
products using rapid manufacturing (RM) processes, which show potential in
improvinglead times, quality, consistency and patient care. Researh addressing the
various technical,  clinical and commercial aspects of orthotic and prosthetic devices and
and their production and how RM could improve the state of the art is presented in this
paper.
Limitations in the manufacturing technology and in associated materials and material
properties research coupled with the conservative nature of the orthotics and prosthetics
(O&P) industry has prevented these technologies from being adapted so far.
Nevertheless, the right combination of RM technologies, new kinds of functional
integration systematic design and engineering, proper clinical research and co-creation of
the devices with the patient open up great possibilities to create a new generation of O&P
devices that could have a major impact in the industry.
Keywords. Rapid manufacturing, Orthoses, Prosthesis, Functional integration,
IDEF0.
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Introduction
This paper aims to review the current state of research of using rapid
manufacturing (RM) for the production of customised orthotic and prosthetic
(O&P) products. An orthotic device supports or corrects a part of a person’s
muscoskeletal system. A prosthetic device/limb replaces a missing part of the
body, such as an arm or a leg.
Since each body is unique and not all patients can be treated with standard
sized prosthesis and implants, there is a great need for customised products in this
industry. Good fit and comfort is important and improved clinical effectiveness
has been linked to customised products over mass-produced ones (Woodburn et
al, 2002; Brncick, 2000 and Mundermann, 2001). In the perfect world, all O&P
products would be customised.
The production of customised orthotic and prosthetic devices is currently a
craft. The process is time-consuming and requires experienced craftsmen who
generally make their decisions based on experience and trial and error rather than
systematic engineering principles. This results in inconsistent designs and patient
care.
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Patient visit
Plaster casting
Make the negative
Correct and finish positive
Make the positive
Close the negative
Laminate and finish edges
Add straps etc
Fit to patient and modify as needed.
Patient visit
Scan body part
Design orthoses/prosthetic socket
Fit to patient and modify as needed.
Production (automatic)
Clean-up
Add straps etc
Traditional process Possible RM process
Figure 1. The traditional orthoses manufacturing process (left) and the same process using rapid
manufacturing technology (right).
A general description of the “traditional” process for making custom prosthetic
sockets is presented in Figure 1. The process used to create orthotic devices also
is very similar to this. Computer assisted design (CAD) systems have also been
used to assist in creating the positive improving consistency and repeatability of
this process, but the process remains slow and complex and it requires
considerable input from experienced craftsmen. Furthermore, in these traditional
processes the possibilities for innovation or product development are limited.
With CAD systems it has been observed that orthoses rejection ratio has been
reduced combined with time reduction up to 50% and cost saving up to 25% to
50% (Staats and Kriechbaum, 1989).
A new family of manufacturing processes has emerged in the late eighties that
could radically change this industry. Rapid manufacturing is known by several
names, such as rapid prototyping, freeform fabrication and additive fabrication. It
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generally refers to layered manufacturing methods that work by adding layers,
one on top of each other, of usually liquid or powder material and selectively
bonding or fusing them together, often with the aid of a laser. These processes are
largely free from geometrical constraints and enable very complicated parts to be
manufactured with varying material compositions.
These new technologies could be suitable for orthotic and prosthetic
manufacturing, as they have been designed from the onset to handle one-off part
production. In addition, because of the different nature of the manufacturing
process, functional elements, such as locally adjusted stiffness or flexibility, can
be built into the orthoses. The process for manufacturing and fitting an orthotic
device would also be very similar to this.
Rapid manufacturing has the potential to offer significant advantages over
traditional O&P production. Some of these are listed here (Pham and Dimov,
2003; Hague et al, 2003; Syrjälä 2003; Dickens and Fouchal 2000; Kulkani et al,
2000 and Hopkinson et al, 2005):
· Faster production over the traditional process and more consistent quality.
· A more comfortable experience for the patient as no messy plaster work is
needed anymore.
· Fewer and less experienced technicians can be used as there is less need for
manual work and experience “with your hands” is not as crucial.
· The orthoses/prosthesis can be tracked/archived/reproduced when needed.
· Less production management and simpler production processes.
· Less production equipment and stores needed.
· More possibilities in new product development.
The idea of using rapid manufacturing for prosthetic sockets is almost as old as
the industry itself. Already in 1998 Cheng et al, investigated manufacturing of
transtibial sockets using stereolitography (Cheng et al, 1998). Several other
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groups and individuals have done further research on prosthetic sockets, different
orthotic devices and even on complete prosthetic legs as in Figure 2.
Figure 2. A prosthetic leg prototype (Desk Engineering 2009).
This research will discuss material from relevant research and case studies to
establish what kind of experimental evidence exists for and against using rapid
manufacturing in the O&P industry.
Clinical advantages from rapid manufacturing
Most of the research in the field addresses prosthetic socket, foot orthoses (FO),
or ankle-foot orthoses (AFO). A research group at the University of Texas –
Austin has published several papers about engineering sockets for lower
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extremities – presented in Figure 3 – or ankle-foot orthoses (Rogers et al, 2008;
Faustini et al, 2008; Faustini et al, 2006 and Faustini et al, 2005). An AFO is
presented in Figure 4.
Figure 3. A prosthesis for below-the-knee amputees: I - socket, II - attachment fitting, III - pylon,
and IV - prosthetic foot (Faustini et al, 2005).
Figure 4. Ankle foot orthoses (Twin city 2009).
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In one research paper, a new type of AFO is described. It utilises one of the
advantages of rapid manufacturing (Faustini et al, 2008). Complex structures
added to the AFO shape can be built at the same cost and time as simple ones. In
this case functional elastically deforming structures were integrated to the
orthoses body as displayed in Figure 5 (Faustini et al, 2008). Faustini et al also
mention that the structure can be scaled up or down to meet the demands of a
particular patient (Faustini et al, 2008). Using finite element analysis the stiffness
of the AFO can be modelled and the structure scaled up or down to customise the
stiffness of the AFO for a particular patient. Their approach is not focused on
creating a mass customization process but it is implied as the final goal for future
development.
Figure 5. An AFO produced with the SLS process with integrated functional structures (Faustini et
al, 2008).
Faustini compared a “traditional” transtibial socket made from Duraform PA
with the SLS process with one with integrated compliant features optimised to
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absorb local loads, such as in Figure 6 (Faustini 2004). Faustini measured how the
different sockets affect the surface pressures the in the fibula head - with and
without the compliant features – and observed the maximum pressures drop from
172 to 66.4 kPa with the compliant features (Faustini 2004). This is significant in
terms of comfort as high peak pressures are generally linked with discomfort and
pain.
Figure 6. A transtibial socket with compliant features (Faustini thesis).
Rogers et al further explored integrated compliant features with a patient trial
and measured surface pressure changes in the fibular head and the distal tibia as
presented in Figure 7 and Table 1 (Rogers et al, 2008). These reductions are
significant in terms of user comfort especially during extended periods of use.
This research further indicates that additive fabrication has the potential to
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improve orthotic and prosthetic treatment by enabling new possibilities in product
development. Furthermore, in several papers, where SFF prosthetic sockets have
been investigated for prosthesis, the results indicate that they have a better fit and
stability over traditionally made ones, since the geometry of the residual limb can
be reproduced very accurately (Ashley, 1993; Rogers et al, 2008 and Faustini et
al, 2006).
Figure 7. Local pressures on the Distal Tibia (top) and the Fibula Head measured through the gait
cycle (Rogers et al, 2008).
Peak pressures
measured
Distal Tibia
(mid stance)
Fibula Head
(terminal stance)
Conventional socket 177.8 kPa 97.4 kPa
Compliant socket 1 88.4 kPa 33.9 kPa
Compliant socket 2 97.9 kPa 25.9 kPa
Table 1. Localised peak pressures from the Distal Tibia and Fibula Head (Rogers et al, 2008).
In a major European Framework 7 project – CustomFit – transfemoral
prosthetic sockets have also been investigated. Prototype sockets were
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manufactured using the SLS and 3D printing processes and tried on by amputees.
It was reported that not only would prosthetics production this way be feasible,
but for each amputee the total cost of the treatment process could be reduced by
2000 Euro using additive fabrication (Martinez and Marin, 2009 and Shelley
2009).
More complex compliant structures that could be integrated to the orthotic or
prosthetic structure as has been described in several publications by another
research group at the University of Texas (Montgomery et al, 2009, Maheswaraa
et al, 2007 and Gupta et al, 2006). They focus in the designing compliant
structures such as those presented in Figure 8 and in the computational methods
used for them. This further indicates the feasibility in functional integration of
deforming structures made with layer manufacturing. There are also interesting
possibilities with further customising the functional aspects of the AFO as the
deforming structures properties can be quantified and liked to in-shoe pressure or
pressure mat measurements.
Figure 8. A compliant structure that can be built to an orthotic or prosthetic shell (Gupta et al,
2006).
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At the University of Leeds, Pallari investigated the feasibility of creating a
mass customisation system for foot orthoses using rapid manufacturing (Pallari,
2008). Unlike in the majority of research described so far, the new mass-
customisation principles and rapid manufacturing technology was applied to
existing clinical processes. The clinical process development was straightforward
and was built on existing, best clinical practice on the day.
This research demonstrated that the development of a mass customisation
system for foot orthoses is possible. The personalised orthoses manufactured in
Nylon using a selective laser sintering machine performed as well as currently
available “traditional” personalised orthoses in patient trials. Also, external
wedging under the heel – a feature needed in certain cases – was replaced by
integrating the same function to the orthoses “shell”.
The new mass customised orthoses, presented in Figure 9, have been tested in
a patient trial (7 patients), and the gait parameter measurements and fit and
comfort assessment results indicate that the performance of layer manufactured
orthoses was found to be sufficient with current materials (Duraform PE) for
short, controlled trials (Pallari, 2008). The new orthoses achieved a similar effect
to normal customised orthoses. This indicates that the mass customisation system
can produce orthoses without any loss of clinical effectiveness (Pallari, 2008).
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Figure 9. A customised foot orthoses manufactured with the SLS process (Pallari 2008).
Changes in the clinical and manufacturing processes
In mass customisation processes, the fundamental functions identified by
numerous authors are; acquiring customer requirements, processing the customer
order, design of the product, plan for manufacturing, manufacturing the product,
delivery of the product (McCarthy et al, 2003; Kumar et al, 2002; Piller and
Stotko, 2002 and Cullinane et al, 1997). Based on the core functions in the
customisation process, and on Cullinane et al’s generic IDEF0 process model
(Cullinane et al, 1997), a more specific model was developed for orthotic and
prosthetic products, in Figure 10, and a modified model with rapid manufacturing
in mind, as in Figure 11 (Jumani and Dalgarno, 2008). The main objective of
modelling the customisation system for O&P devices is to understand the existing
situation and to analyse the present processes and operations in the system in
order to improve the system.
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Figure 10. The generic IDEF0 process model developed for the customisation of medical devices
(Jumani and Dalgarno, 2008).
Figure 11. Rapid manufacturing based IDEF0 process model for the mass customisation of
medical devices (Jumani and Dalgarno, 2008).
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Figures 10 and 11 show that the customisation process involves a core function
of planning for manufacturing. This function involves time for the planning and
scheduling of the various manufacturing activities such as, process scheduling,
set-up time, quality control activities and inspection processes that increases the
overall production lead-time. There are some fundamental similarities in the
designed model with the context model in terms of core functions. Although both
process models are designed to produce customised products, there are
differences in the mechanisms, controls and other resources required which
includes the policies, resources and technologies.
Manual work for designing the foot orthoses makes the overall process longer
and requires high skill and increased labour work which ultimately increases the
designing time and designing cost for the foot orthoses. Rapid manufacturing has
the potential to change not only the products and processes, but also the way
orthotic and prosthetic specialists operate. Research done by Wagner et al
investigates the change in prosthetists and prosthetic technician’s roles and skills
needed in the overall production process assuming “traditional” and with the
adaptation of rapid manufacturing (Wagner et al, 2008). The differences between
these two processes can be seen in Figures 12 and 13.
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Figure 12. An outline of the traditional process of making a prosthetic socket (Wagner et al,
2008).
Figure 13. An outline of the process for making a prosthetic socket using rapid manufacturing
(Wagner et al, 2008).
This was evaluated using a “job characteristics model”, where the skills change
and job satisfaction implications of applying new technology to traditional
manufacturing processes are assessed. The research showed shown that the
application of RM can cause major changes on the workshop level (Wagner et al,
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2008). Computer skills will become more important but the traditional craft skills
will not be needed as much and that the technicians involved face major changes
in their work (Wagner et al, 2008). Furthermore, Wagner et al, comment that RM
may enable technicians to become more productive and to decrease the time when
a new technician becomes productive (Wagner et al, 2008). This can have a
significant impact on the developing world where there are few trained and
experienced O&P technicians.
Cost models
Investigation of foot orthoses and the cost of rapid manufacturing in comparison
to traditional manufacturing methods has been carried out by the authors. In this
research, the fused deposition modelling (FDM) and SLS processes have been
evaluated in comparison to the traditional milling based manufacturing process
for customised foot orthoses in order to evaluate the cost and time involved in
each step of the design and fabrication. Table 2 shows the designing time and cost
involved in the different foot orthoses design techniques. A CAD based design
process is more effective, quicker, and more consistent between users.
Orthoses designing techniques Designing time Labour cost
Hand carving, moulding, casting  2 hours £40/pair
CAD designing 20 minutes £7/pair
Table 2. Orthoses designing time and cost by different techniques.
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Cost per pair through the CNC technique is £38, £51 using SLS and £64/pair
using FDM. In addition to the costs in table 3 there is an estimated added clinical
cost of £3-£5 to capture the geometry of the foot through digital scanning (Payne,
2007).
Design and manufacturing cost for 3520pairs/year by CNC machine
Design cost (CAD) @£7/pair £ 24.640
Cost  of CNC machine @ 1 year depreciation £ 5.000
Labour cost (Machine Operator) @£20/ hour £ 35.200
Cost of Blanks @£10/ pair £ 35.200
Labour cost (Finishing/tuning) @£20/hour £ 35.200
Total manufacturing  cost £ 135.240
Design and fabrication cost of 3600pairs/year through SLS system
Design cost @£7/pair (3600pairs/year) £ 25.200
SLS system cost @1 year depreciation cost of the system £ 50.000
Material cost (Duraform PA) @ for producing 3600pairs/year £ 72.000
Labour cost (Technician) @£20 hour £ 35.200
Total fabrication cost £ 182.400
Design cost (CAD based) @£7/pair of 3600pairs/year £    25.200
FDM system cost 1 year depreciation cost of system £      5.000
Material cost (ABS P400) @£275/cartridge (6 pairs/cartridge) £  165.000
Labour cost @£20/hour £    35.200
Total fabrication cost £  230.400
Design and fabrication cost of 3600pairs/year through Fused deposition modelling
Table 3. Estimated annual design and fabrication cost.
Typical retail costs for a pair of customised foot orthoses is between £50 and
£200 (Pallari, 2008 and Woodburn et al, 2002), depending on supplier and lead
time, and so that rapidly manufactured ones are competitive on cost and that a
mass customisation system would aim to provide better lead times.  Overall there
is clear commercial potential.
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Furher remarks were made concerning the applications of new techniques such
as 3-D laser scanning. Combined with the applications of the CAD based design
system and rapid manufacturing systems the orthoses design and fabrication
process can be improved to be more effective, reliable, accurate and cost
effective.
Why has rapid manufacturing not been adopted by the
O&P industry
The research described above outlines the current state of science in RM with
O&P. The technical and clinical research is limited in scope and definite
conclusions are hard to make based on this evidence. Some general problems with
RM technologies can also be highlighted here (Pham and Dimov, 2003; Hague et
al, 2003; Syrjälä, 2003; Dickens and Fouchal, 2000; Kulkani et al, 2000 and
Hopkinson et al, 2005):
· The surface finish of SFF manufactured parts is usually in the range of Ra
2-5 µm. Without sanding, this surface finish cannot match that of moulded-
or thermoplastics. However, as some manual finishing work will be needed
for all orthoses and prosthetics anyway, sanding the surface is not seen as
being a major issue – especially comparing this amount of finishing work
with the traditional manufacturing process.
· One of the limitations of RM technologies is the small number of different
materials, their properties, and their relatively high cost. The main problem
with the material properties is that they are not well known, rather than that
they are not good enough.
· Public information on the material properties is limited – especially with
longer term wear and fatigue. O&P products are used generally for several
years and to guarantee the performance of on RM product, the practitioner
would have to do their own materials testing as the RM materials and
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systems providers do not currently (2009) provide this kind of information.
Also, the traditional thermoplastics used currently are not brittle as RM
materials can be (nylon for example) and their flexibility should be
improved for O&P applications.
· The investment cost of purchasing RM machines is high and the material
price also forms a major part of the end product cost. Traditional orthoses
materials, such as plaster and sheets of thermoplastics are cheap in
comparison. The transition to centralised fabrication can also be difficult for
smaller practitioners who are accustomed to having control over every part
of the manufacturing process.
· Lastly, scepticism and resistance to change is a great obstacle for the
widespread use of rapid manufacturing technologies.
General development trends and particulars in the O&P industry –
evolution, not revolution.
Change in the O&P industry is not usually fast apart from some specific high-tech
applications, such as prosthetic knees or hands. One reason for this is the way
patient’s orthoses are funded. Health insurance companies and state funding
agencies are always looking to cut costs and experimental treatments are not
usually compensated. It can be hard for any new technology or product to break
through this obstacle (Otto, 2008).
Thomas Kirk, the CEO of Hanger Orthopedic Group, has recently raised
concern about the state of the industry; "There are pockets of people out there
who'd like to continue doing things that have always worked for them before. We
have to make sure the profession understands that to survive and prosper, they're
going to have to realize it's time to move forward. And it's going to take a
commitment and willingness to change."(Otto, 2009). Inevitable changes are
affecting the industry:
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· The need for an evidence base is increasing and pressure is being applied
from the funding agencies to provide this evidence (Jerrell, 2006; Otto,
2009 and Delander, B 2009).
· Further pressure is applied by the need to improve the standards for patient
care and improved cooperation and collaboration between the industry,
state/insurance healthcare agencies and the patients and patient
organizations (Jerrell, 2006; Otto, 2009 and Delander, B. (2009).
· Currently, the use of CAD/CAM in increasing in the industry. However,
there is a problem with not enough CAD/CAM experience and education in
the industry – in 2008, even when CAD is an established tool in the industry
for milling applications (Otto 2008A; Otto 2008B and Crownover , 2008).
Many experienced professionals in the field are used to working with their
hands and to change this way of working to a CAD/CAM system can be
difficult if the pre-requisite computer skills are not there.
Further, the reluctance to change old practices and to hang on to tradition
slows down progress. Those players that can adapt to this situation and can
embrace change can succeed in the future despite increasing pressure to cut costs
in healthcare as the population in western industrialised countries is aging (Otto,
2009).
How to break through
If there would be an easy answer to this question, we would already see
commercial applications for rapid manufacturing in O&P. Based on this research;
the following aspects can be seen as relevant:
· Material properties are one of the main issues. The materials themselves can
be suitable for O&P applications but could be better in regards to flexibility
and thermoformability. In some applications these issues may not be
problems. The other big question is how well can the products last through
extended periods of use? This is an open question and ideally it should be
answered by the RM material and systems providers. For the moment, the
end user will have to do the necessary testing in these properties. Material
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and process research is progressing fast with RM technologies and the
answers to these questions may surface eventually.
· Cost issues – the right applications need to be identified as will the right
combination of partners (software and systems providers) who will take on
the risk of “trying it out” for the first time. With high production costs, the
benefit of using RM must be sought elsewhere. From better products with
added value, better designs and faster delivery to fewer hospital visits or
reduced costs at the workshop.
· There are numerous benefits in using CAD tools for the design work. All
patient and product information can be stored, manipulated and measured
digitally. Design rules and company-specific procedures and designs can be
built into the system, allowing for less experienced users to create designs
better and more consistently than they could otherwise. Parts of the design
process could also be automated in the software. To fully utilise the
possibilities RM could provide, the CAD system has to be tailored to this
purpose rather than for milling applications.
· The productivity of the manufacturing processes is a key issue. Should one
maximise the productivity of the machines or aim for a fast delivery time?
Current high-end RM machines are expensive and a decrease in these prices
is not in the immediate future even if their productivity and quality of parts
is likely to improve. Collaboration with the RM process and materials
providers is also crucial. The lower the production costs are, the more
attractive the business case becomes.
· More information is also needed on how much precisely an O&P company
could save by adopting RM over traditional manufacturing in different
cases and business “environments”. For example, how much is the decrease
of lead time from two weeks to two days worth? Also, success stories from
other companies would lower the threshold of considering RM seriously.
· With RM it would be easy to realise new approaches with product design
and customisation, such as the Colin Matsco designed prosthesis concept
presented in Figure 14. If the whole design and manufacturing process can
be digitised, products like this are completely feasible. This kind of design
can of course be combined with functional integration to create a next
generation of O&P products. In a recent article, Phil Newman from Touch
Bionics suggests that future O&P products will be smaller, lighter and more
stylish than today (Delander, 2009). This follows the example set by mobile
personal audio players from the walkman to the iPods of today. He makes
further predictions are made about different users wanting customised
appearance in their products (Delander, 2009).
Rapid manufacturing of orthotics and prosthetics – is it a good idea?
Submitted to 5th World Conference on Mass Customization & Personalization MCPC2009 22
Figure 14. A concept “Nike prosthetic” (Yanco Design 2009).
To push the O&P industry to the 21st century, a new mindset is needed. Rapid
manufacturing technology that has the potential to disruptively change the
products in this field, but to do this, the industry needs to begin to engineer and
design their products, in a more systematic manner. A proven clinical and
engineering base should be required to ensure and eventually improve patient
health care for all new products. Out of the O&P products discussed in this paper
some are more suitable economically for actual commercial operations than
others. To succeed commercially, the right applications have to be found where
RP technology is used to add value to the product and the tools developed to
enable efficient custom product design. Later, as materials, processes and design
software improves, more applications will emerge.
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Review of B2C Online Product
Configurators
Abstract. While business to customer (B2C) mass customization (MC) has been
discussed mainly from the producers’ perspective, researchers have reported a lack of
sufficient literature examining the topic from users’ perspective. This paper provides a
review of configurators with user experience in mind. We first discuss terms related to
configurators such as: “solution space”, “product attributes” and “attribute values”. We
then propose definitions of terms such “personalization” and “customization”, “modular
MC” and “full MC” as well as the term “design”. An outline of mass customization
nomenclature frames the review of two distinct sets of configurators - a set of 55
configurators currently operating commercially and a set of configurators subject to
experimentation to date. We find that while configurators operating commercially have a
heterogeneous set of features, configurators subject to experimentation to date, by
contrast, are characterized by relatively homogenous features. We also find that
personalization of B2C configurators is a very rare approach. We conclude with an
outline of features found in configurators available commercially, but not researched
experimentally. We argue that those features demand empirical experimentation.
Keywords. Mass customization, B2C, Online product configurators, Configurators’
features.
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1. Introduction
Toffler anticipated mass customization in 1970 already. The term itself was
coined by Davies and popularized by Pine (Davies 1987, Pine 1993). Mass
customization (MC) is one of the strategies which businesses can harness in order
to react to variety of users’ needs while preserving cost effectiveness (Zipkin 2001,
Piller et al. 2003). Literature on MC provides multiple definitions of the term. Pine
argued that MC is “the ability to develop, produce, market and deliver goods and
services” which fulfill the needs of nearly all of the users at affordable price (1993).
Tseng and Du mentioned fulfillment of user needs at the mass production cost
(1998). Zipkin pointed out that a contradiction is inscribed in the term, since
customization refers to the production of individually tailored goods and is the
opposition of the offer directed to mass market (2001). Current usage of the term
is broad. MC refers to both products and services (Pine 1993, Salvador et al.
2009). Additionally, the term can refer to business to business axis (B2B) as well
as to business to customer axis (B2C).
B2C mass customization has been discussed mainly from producers’
perspective. For example, Jiao et al. provided insights on the implementation of
MC into companies’ product development, production and distribution chain,
while Duray et al. categorized MC practitioners based on the way in which they
involve their users in the customization procedure (Duray et al. 2000, Jiao et al.
2003). Researchers acknowledged that empirical experimentation in MC literature
is fragmented (Franke and Piller 2003, 2004). Moreover literature discussing B2C
mass customization from user’s perspective is even more rare. Among 24
empirical experiments summed up by Franke and Piller only 9 had users as their
subject of research (2003).
This paper provides a review of B2C product configurators with users’
experience in mind. In section 2 we discuss terms related to configurators: solution
space, attributes and attributes’ levels. We also propose definitions of terms such
as: “customization” vs. “personalization”, “modular MC” vs. “full MC” and
discuss the notion of “design” in the light of users’ interaction with configurations.
Section 3 is a review of 55 configurators currently operating commercially. 40 out
of these configurators were accessed through Configurators Database (2009). We
discuss 4 types of configurator features: solution space and user input,
recommendations, product visualization and linearity. Section 4 is a discussion of
the same set of features present in configurators subject of experimentation to
date. We conclude with suggestions for further empirical research on configurators
in section 5.
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2. Mass Customization Nomenclature
2.1 Online Product Configurators
Multiple terms where proposed as a reference to tools used by users to
customize products or services. Von Hippel proposed the term “user toolkits for
innovation”as a reference to transferring parts of product development to users’
hands (2001). Franke and Piller first used the term “configuration toolkits” (2003).
Later they have adapted von Hippel’s term with an addition of the word “design”,
which in their definition is more limited that “innovation”. Thus the term they have
proposed was “toolkits for users innovation and design”(Franke and Piller 2004).
Other terms such as: “choice boards”, “design systems” and “co-design platforms”
were proposed as well but occurred to be less popular (Piller et al. 2003, Schreier
2006). More recently Piller refereed to “configurators” as tools “which public can
use to access the data or structure provided by a company” (2009). In the
following review tools serving the purpose of customization of products through
the Internet are going to be refereed to as “online product configurators”.
2.2 Solution Space, Product Attributes and Attribute Values
The overall amount of possible configurations of either product or a service has
been referred to as “attribute space” (Swait and Adamowicz 2001). More recently
Piller et al. used the term “search space”, while Salvador et al. referred to “solution
space” (Piller et al. 2005, Salvador et al. 2009). The spectrum of product or
service properties, which can be altered by the user was referred to as
“configurators’ modules” (Dellaert et al. 1998). Later Franke and von Hippel used
the term “configurators’ dimensionality” and Salvador et al. used the term
“product attributes” as a reference to the same concept (Franke and von Hippel
2003, Salvador et al. 2009).  In the following review “solution space” is
understood as a multidimensional space in which all possible combinations of
attribute values can be mapped. “Product attributes” are understood as product
characteristics, which users can alter during customization procedure. Attributes
can be considered as variables, thus in this review we will refer to alternative states
of the attributes available for the user to choose from as “attribute values”.
2.3 Customization vs. Personalization
Piller et al. urges not to mistake the terms “customization” and
“personalization” (2003). They have proposed that customization refers to:
“changing, modifying or assembling products or services”, while personalization
refers to “communication and interaction” between user and producer. As terms
for comparison however these are somewhat unclear as one refers to the product
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itself and the other to a mode of interaction. A clearer definition would define the
distinction between the two purely from the users’ involvement point of view.
Consistent with the use of the terms in literature (Piller et al. 2003), we define
“customization” as a process in which the user is active with respect to product
attributes and attribute values. Thus during customization the user is explicitly
defining product attributes’ values. In opposition to that we define
“personalization” as a process in which user is passive with respect to product
attributes and attribute values. In most cases personalization takes place based on
users’ profile. The profile is built upon user’s previous activities, such as purchase
history or providing answers to questions not concerning the product directly.
Personalization of information is a common approach already. Algorithms used
for the purpose of personalization have been referred to as “recommender
systems” (Felfernig et al. 2007). Personalization based on a particular user’s
profile only has been referred to as “content based filtering”, while personalization
based on profiles of multiple users was termed “collaborative filtering” (Maes et al.
1999, Schmidt 2005, Felfernig et al. 2007). Personalization based on users’
answers to questions not directly related to product attributes was referred to as
“knowledge-based approach” (Burke et al. 1997, Burke 2000). A distinctive type
of personalization is an ability to define the maximum and minimum attribute
values, thus narrowing or enlarging the size of the solution space. This approach
was called “dynamic queries” (Burke et al. 1997). One of the aims of the following
review is to establish whether personalization was already adopted in the field of
MC product configurators’ design.
2.4 Modular and Full Mass Customization
Pine acknowledged the difference between “modular mass customization” and
“full mass customization” based on the characteristics of what was later called
solution space (1993). It was proposed that modular MC refers to usage of
configurators with a finite solution space, while full MC refers to operation on an
unrestricted solution space (Pine 1993, Kamali and Locker 2002). MC
configurators in general can be understood as parametric product definitions. Such
understanding indicates existence of a relationship between product attributes. A
difference between modular MC and full MC is a difference between interacting
with a pre-defined parametric schema or crafting a set of relationships within a
product from scratch. In this review we will refer to modular MC as a process in
which users tweak attribute values in a pre-defined parametric product definitions.
Full MC however is a more open-ended process. Users of full MC
configurators are not given a pre-defined parametric schema at all. Instead they
face the task of defining all of the associations constituting the product by
themselves. Thus we will refer to full MC as a process in which users craft an
entirely new associative schema.
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2.5 Design and Configuration
An inconsistency is visible in the way researchers from various fields define
“design”, due to the degree in which they consider the design task to be clearly
defined. In MC literature the term “co-design” was first used as a reference to
modular MC, and later as a reference to the process of users’ cooperation and
creation of online communities (Fiore et al. 2001, Piller et al. 2003, Piller et al.
2005). Franke and Piller argued that the process of “design” is a process of
interaction with modular MC, as defined above (2004). Such definition of design
assumed that it is a process of solving well-defined problems. In design and
engineering literature such process was commonly referenced to as “optimization”.
Rational choice theory assumed that human decision-making process is an
operation upon well-defined problems as well (von Neumann and Morgenstern
1944, Schwartz 2002). More recently however it was acknowledged that rational
choice theory fails to model the decision making process properly. Rittel and
Webber proposed the term “wicked problems” as a reference to problems in which
potential solutions evolve together with formulation of the problems itself (1973).
Similarly Maher and Poon argued that design is a process of looking through both
solution space and problem space (1996). In MC literature however solving an ill-
defined problem was referred to as “innovation” rather than “design” (Franke and
Piller 2004). Additionally Schwartz referred to “optimization” when he described
the behavior of users who always strive to choose the best option of all (2002).
However he acknowledged that goals of this “optimization” are not necessarily
known. Users described by Schwartz are thus dealing with ill-defined problems.
In this review we will refer to “design” as a process of interaction with full MC
configurators, while interaction with modular MC configurators will be called
“configuration”. This differentiation in terminology however does not mean that
one activity is solving ill-defined problems while other is solving well-defined ones.
We acknowledge that both “design” and “configuration” are the processes of
solving ill-defined problems in which a solution space develops together with
problem space.
3. Review of B2C Online Product Configurators
Operating Commercialy
3.1 Solution Space and User Input
In this section we are first going to discuss the examples of modular MC
(section 3.1.1). Later we will move on to the examples of configurators which still
belong to the area of modular MC, but have aspects approaching full MC in three
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distinct ways (3.1.2, 3.1.3 and 3.1.4). Lastly we will discuss examples of full MC
(3.1.5).
3.1.1 Modular Mass Customization
We have argued above that configurators, which belong to the area of modular
mass customization, allow the users to configure a pre-defined parametric schema.
In this case the users are not able to define the schema themselves, thus their
activity can not be called “design”. An example of modular MC tool is Zaunick’s
cufflinks configurator, which allows the user to choose the shape of the base and
the artwork, which will be engraved on the product [55]1. It thus allows for
configuration of 2 attributes, first of which has 4 values and second - 9 values.
Configurators such as Clopay or Inwerk provide the user with a wider range of
attributes and values, but they still belong the area of modular MC [10, 16].
Automobiles configurators such as: Alfa Romeo, Audi, Bugatti, Mini, Porsche or
Toyota are examples of modular MC as well [4, 5, 8, 25, 34, 50].
3.1.2 Text Input in Modular Mass Customization
Configurators allowing users for a text input still belong to the area of modular
MC. In the examples, which follow the text input is a relatively open-ended
attribute, but the whole product is still a pre-defined parametric schema as in
modular MC examples in section 3.1.1. Shapeways’ Custom Cufflinks
configurator has the most restricted solution space since it allows for 4-characters
input only [39]. My Belt configurator is characterized by a small solution space as
well, since users can only fill in the last word of a pre-defined sentence [27].
Advantage Bridal, My M&Ms’, Shapeways’ Lightpoem and Shirtman are the
examples of increasing size of the solution space [2, 28, 41, 43]. Shritinator
configurator is the most robust one since it allows for 5 text objects, 6 lines and
138 characters [37]. QR Buckle from Fluid Forms is another example, which
escapes easy classification [13]. It allows the user to type in a message, which is
then converted into QR code2, so that only dedicated software on a smart phone
equipped with a camera can decode it.
3.1.3 Graphic Upload in Modular Mass Customization
Similarly to the examples from section 3.1.2 uploaded graphic is a relatively
open-ended product attribute, but in case of all products described below a
parametric schema, which constitutes the whole product is pre-defined. Design
1 See “Index of Configurators” at the back of the paper for reference. References to the Index of
Configurators are made in square brackets for the purpose of distinction from the literature
references.
2 QR code stands for “Quick Response code”; it is a 2-dimensional bar code developed by Denso-
Wave corporation in 1994
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Your Tie and Lids Custom Hat Design Lab allows the user to upload their logo
[11, 21]. Jujups’ 3d Christmas Ornaments allow for uploading of an image of
users’ face in order to create a figure, which represents them [17]. Tiny Pocket
People has a similar approach [47]. Lamp Plus, Shapeways’ Photoshaper and
Snaptotes allow for an upload of any kind of graphic which is then either printed
on fabric or converted into a 3-dimensional relief produced using additive digital
manufacturing [20, 42, 45].
3.1.4 Non-Menu Based Modular Mass Customization
All of the configurators discussed up to this point had a relatively common
interface, which consists out of menus in different forms, spaces for text input and
tools for graphic upload. It is thus necessary to acknowledge that there are
numerous configurators that go beyond the notion of menu-based attribute values
selection. This however does not mean that those are the examples of full MC. An
overall parametric schema remains pre-defined in the examples below, thus they
belong to a set of modular MC examples similarly to the configurators discussed in
previous sections. Freitag is a configurator, which allows the user to define a
pattern to appear on their future product by dragging and dropping product’s
elements over the fabric currently available in stock [15]. Regal Systems and Smart
Furniture configurators allow for dragging and dropping furniture modules into a
canvas where furniture configuration arises [36, 44]. Another kind of input from
the user, which goes beyond the notion of selection from finite set of attribute
values, is direct manipulation of product’s geometry. Fluid Form’s Cassius Lamp
allows the user to “punch” the virtual torus in order to shape the product [14].
User can adjust the shape of Shapeways’s Fruit Confessions bowl by dragging its
2-dimensional representation [40]. Both Epa:Kato and Lux:Sculptor by Studio
Ludens are based on adjustment of non-uniform b-spline curves’ control points
[47, 48]. Nervous System’s Radiolaria configurator lets the user set the position of
multiple points, which attract and detract elements of geometry composing the
product [29].
3.1.5 Full Mass Customization
In 1993 Pine acknowledged that current manufacturing technologies allowed
merely for full MC of t-shirts. Today, with rapid development of both subtractive
and additive digital manufacturing techniques full MC is possible in case of various
products. Our review shows however that it is still far from being a common place.
One of the most well known examples of full MC provided by researchers is the
Apache open-source software development environment (Franke and von Hippel
2003). Examples from the field of products are various print-on demand services
such as Blurb or Lulu [7, 24]. Shapeways is an example of 3d printing on demand.
It allows it’s users to upload 3-dimensional .stl files, which are then automatically
priced and can be printed in 5 different materials using 3 different additive
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manufacturing techniques [38]. Ponoko is a similar service, which uses subtractive
digital manufacturing techniques [33]. However in both cases the user has to
prepare a file ready for manufacturing. It means that in case of Shapeways users
have to provide an .stl file without non-manifold edges. In case of Ponoko users
have to layout pieces constituting their product on sheets suitable for laser cutters
operated by the company. Physical Design Co.’s approach is different in this
respect [32]. The company has developed a tool which allows the user to upload a
file created in Google Sketch Up and automatically converts the 3-dimensional
model into a set of 2-dimensional interlocking elements, ready to be produced via
subtractive digital manufacturing.
3.2 Recommendations
 “Recommendations” available in configurators are understood as any attempt
to facilitate users’ navigation through solution space. We distinguish 3 types of
recommendations present in B2C online product configurators: “pre-defined
recommendations”, “statistical recommendations“ and “dynamic queries”. First
two are examples of customization, while third one is an example of
personalization.
3.2.1 Customization - Pre-defined Recommendations
Some of the configurators allowing users for a text input provide simple written
suggestions. Shapeways Custom Cufflinks provides information about number of
characters which “looks good” on a particular product, while in case of Candy Bar
Wrapper the text input box is filled in with an example by default [39, 9]. In case
of menu-based configuration recommendations take several forms. In Teckentrup
configurator some attribute values are more easily accessible than others, what can
be considered as a type of recommendation as well [49]. Adidas, Bugatti and
Reebok provide users with multiple bundles of attribute values to choose from at
different stages of customization process [8, 35]. Yet in all cases it is possible to
explode the bundles and choose the value of each of the attributes separately.
Adidas and NikeID allow the user to begin customization process from default
attribute values constituting the whole product or from blank attribute values [1,
30]. Kern-Haus, Paul and Julia Design and Snaptotes configurators are examples
of similar approach [18, 31, 45]. Beginning of the customization process from
default attribute values has a particular advantage over starting from a blank
product since the user is not forced to explicitly define all of the values. Instead
they might just leave the values as in pre-defined condition. Although considerably
different, all of the examples discussed above are pre-defined recommendations,
which do not change dynamically. Thus the process, which takes place while using
these tools should be referred to as customization and not personalization, since in
all cases the user interacts with the products attribute levels directly.
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3.2.2 Customization - Statistical Recommendations
A set of configurators in which recommendations are not pre-defined, but are
not based on user profile either can be considered as examples of customization
inclined towards personalization approach. Lill Studio is a configurator which
presents the user with information about products which are “most popular” at the
moment [22]. Most likely it utilizes statistical information about number of entries
to the particular product’s configurator or number of conversions. A similar
approach can be found in Steve Madden configurator, yet in this case the source of
statistical information is not so clear [46].
3.2.3 Personalization - Dynamic Queries
Our review indicates that personalization, a process in which recommendations
are derived based on users profile and not on direct interaction with attribute
values, is a very rare approach in case of product MC. Blue Nile is the only
configurator facilitating an algorithm from the recommender systems domain [6].
This algorithm, called “dynamic queries”, allows the user to narrow down the size
of the solution space by definition of the maximum and minimum values of specific
attributes  (Schneiderman 1994, Burke et al. 1997, Felferling et al. 2007). Thus,
among 55 configurators reviewed, Blue Nile is the only example of personalized
B2C modular mass customization configurator.
3.3 Product Presentation - Visualization Method
Previous sections discussed means of navigation through the solution space as
well as means of facilitating users’ decision-making process. Remaining sections
3.3 and 3.4 will discuss modes of product and it’s attribute values presentation.
These two sections indicate that belonging to the same category in respect to one
configurator feature can belong to various categories in respect to other
configuration features.
Piller et al. argue that configurators are composed of three main elements:
configuration software, a tool that provides feedback to the user and a tool that
converts the data for the purpose of manufacturing process (2003). Yet examples
such as Blue Nile, Design Your Wedding Rings, Limognes Jewelry or Paul and
Julia Designs show that many configurators are not equipped with a real-time
visualization tool [6, 12, 23, 31]. In case of configurators equipped with such tool,
visualization methods vary significantly. For example, Varistyle is a wallpaper
configurator, which provides the user with a view of 50-centimeter long sample of
the product during the customization procedure and two additional views in a
separate “preview mode” [53]. Fluid Forms’ QR Buckle, Kinder Garten Tasche,
My Belt, and Shapeways’ Custom Cufflinks are some of the configurators
equipped with a single viewport [13, 19, 27, 39]. Walmart’s Family Jewelry and
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Freitag provide the user with three viewports, while Timbuk2 additionally provides
the front view of the opened and closed product [54, 51]. Audi and Bugatti
provide multiple viewports, but both Porsche and Toyota escape the framework of
fixed points of view by providing a 360 degrees panoramic view of both interior
and exterior of the cars [5, 8, 34, 50]. Examples discussed above belong to the
area of modular MC.
3.4 Product Presentation - Linearity
We will refer to configurators in which the order of attribute values’
specification is imposed on the user as “linear”. Tools in which such order is not
imposed will be referred to as “non-linear”. We additionally distinguish
configurators characterized by “mixed” linearity. Alco, Lids Custom Hat Design
Lab, Mini Roof Designer and Tiny Pocket People belong to the category of linear
configurators [3, 21, 26, 52]. Inwerk, Mini, Porsche, Regal System, Smart
Furniture and Toyota are some of the configurators, which belong to the category
of non-linear tools [16, 25, 34, 36, 44, 50]. Configurators, which present the user
with pre-defined recommendations, such as bundled sets of attributes, are often
linear at the early stage of customization and become non-linear at a further stage
[1, 18, 30, 31]. These tools can be classified as “mixed”. Configurators that belong
to the group of non-menu based modular MC should rather be considered as
linear. In case of Fluid Form’s Cassius Lamp once the “punch” is made it is not
possible to flatten the geometry back [14]. In some other cases it is possible to
change the geometry back and forth, yet lack of and explicit “undo” function
makes it impossible to set the geometry to the exact state at which it was
previously [29, 40, 47, 48].
3.5 Summary of the Features of B2C Online Product Configurators
Operating Commercially
Type of feature Instance of feature Number in Index of
Configurators
Modular MC 4, 5, 8, 10, 16, 25, 34, 50, 55
Text Input in Modular MC 2, 13, 27, 28, 37, 39, 41, 43
Graphic Upload in Modular
MC
11, 17, 20, 21, 42, 45, 47
Non-Menu Based Modular
MC
14, 15, 29, 36, 40, 44, 47, 48
Solution Space and Users’
Input
Full MC 7, 24, 32, 33, 38
Customization - Pre-defined
Recommendations
1, 8, 9, 18, 30, 31, 35, 39, 45Recommendations
Customization - Statistical 22, 46
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Recommendations
Personalization - Dynamic
queries
6
No visualization 6, 12, 23, 31
Single view 13, 19, 27, 39
Multiple views 51, 53, 54, 58
Product’s visualization
method
Panoramic view 34, 50
Linear 3, 14, 21, 26, 29, 40, 47, 48,
52
Mixed 1, 18, 30, 31
Linearity
Non-Linear 16, 25, 34, 36, 44, 50
Table 1. Summary of the Features of B2C Online Product Configurators Operating
Commercially.
4. Review of B2C Product Configurators Subject to
Experimentation to Date
4.1 Configurators’ Features Examined to Date
Relation between perceived customization process complexity and perceived
product utility was the subject of Dellaert and Stremesch’s experimentation
(2005). Dellaert and Stremesch are the only researchers who put an emphasis on
the fact that their experimentation was actually conducted online. Participants of
their experiment where presented with eight different versions of a PC
configurator. Some of the configurators where examples of a modular MC
demanding an explicit definition of each of the attribute values. Others gave the
user a choice of starting from default attribute values or blank attribute values,
thus providing a simple version of recommendations. The number of attributes and
the spectrum of attribute values were differentiated as well. In the rest of the
experiments discussed underneath users did not interact with configurators over
the Internet but rather in a controlled laboratory environment. Huffman and Kahn
researched perceived customization process complexity and users’ satisfaction
with configurators of products (sofas) and services (hotels) as a function of users’
input (1998). Two modes of attribute values presentation where examined. One
mode of presentation was the presentation of each of the attributes separately
while second was the presentation of bundles of attribute values constituting an
entire product. Kamali and Locker researched users’ intent to purchase,
satisfaction with customization process and satisfaction with the web interface
depending on the size of the solution space (2002). Franke and von Hippel
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researched users’ perceived customization process complexity as a function of
perceived utility of the product and users’ level of expertise (2003). Configurator,
which facilitated this experimentation, was Apache environment for open-source
software development. Franke and von Hippel’s experiment was the only one
dealing with full MC to date. Franke and Piller researched users’ willingness to pay
(WTP) for customized goods as well as the level of heterogeneity of users’ needs,
using a modular MC configurator with a single viewport and no recommendations
available (Franke and Piller 2004). Schreier attempted to establish if Franke and
Piller’s findings about increased WTP constituted a singular phenomenon (Schreier
2006, Franke and Piller 2004). He acknowledged that three configurators which
where used in his experiment differed in terms of an overall “complexity of the
customization process”. All three where examples of modular MC but one of them
allowed for text input (Wildemasche 2009) and another one allowed for text input
and graphic upload (Shirtcity 2009).
4.2 Summary of Configurators’ Features Examined to Date
Each of the configurators subject to experimentation to date was characterized
by a particular instance of each type of features outlined in Table 1. However not
all of those features where actual subjects of experimentation. Table 2 sums up
only those configurator features which where explicitly referenced to as a subject
of experimentation.
Type of feature Instance of feature Number in Index of
Configurators
Modular MC Huffman and Kahn 1998
Franke and Piller 2004
Dellaert and Stremesch 2005
Schreier 2006
Text Input in Modular MC Franke and von Hippel 2003
Schreier 2006
Graphic Upload in Modular
MC
Schreier 2006
Non-Menu Based Modular
MC
-
Solution Space and Users’
Input
Full MC -
Customization - Pre-defined
Recommendations
Huffman and Kahn 1998
Dellaert and Stremesch 2005
Customization - Statistical
Recommendations
-
Recommendations
Personalization - Dynamic
queries
-
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No visualization -
Single view -
Multiple views -
Product’s visualization
method
Panoramic view -
Linear -
Mixed -
Linearity
Non-Linear -
Table 2. Configurators Features Subject to Experimentation to Date.
4.3 Users’ Experience as a Function of Configuration Features
Various instances of users’ experience where examined as functions of
configurators features outlined in Table 2. These instances, distinguished by
researchers, were:
• Perceived customization process complexity (Franke and von Hippel 2003,
Dellaert and Stremesch 2005).
• Perceived product utility (Franke and von Hippel 2003, Dellaert and
Stremesch 2005).
• Satisfaction with customization process (Huffman and Kahn 1998, Kamali
and Locker 2002).
• Satisfaction with web interface (Huffman and Kahn 1998, Kamali and
Locker 2002).
• Willingness to pay (WTP) (Franke and Piller 2004, Schreier 2006).
• Intent to purchase (Kamali and Locker 2002).
Additionally Franke and Piller attempted to establish the level of heterogeneity
of users’ needs (2004). However this parameter does not belong to the category of
users’ experience.
5. Summary
We have discussed terms related to configurators such as: solution space,
product attributes and attribute values as well as terms such as “customization”,
“personalization”, “modular” and “full MC” as well as “design”. This discussion
provided a framework for the review of two distinct set of B2C product
configurators - 55 configurators currently operating commercially and product
configurators subject to experimentation to date. We have discussed 4 types of
configurator features: solution space and user input, recommendations, product
visualization and linearity. The review shows that the set of features of commercial
product configurators can be considered as heterogeneous in comparison to a set
of features of configurators subject to experimentation to date. The review further
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indicates that majority of experimentation to date was focused on modular mass
customization. This finding is not surprising since devising an experiment on a
finite solution space is an easier task. Yet full mass customization is likely to be a
more important field of research since it is the one in which users’ behavior
approaches full meaning of the term “design”. The review further demonstrates
that personalization of B2C product configurators is a very rare approach. Among
55 commercial configurators reviewed we have found 1 example, which provides
the users with recommendations based on an algorithm from recommender systems
domain.
We suggest that in order to understand patterns of users’ interaction with online
product configurators, instances of users’ experience outlined in section 4.3 need
to be examined as a function of configurators’ features not subject of
experimentation to date. These features are summed up in Table 2.
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2009, < http://www.wohnnet.at/www/ireds/P-26039.html >
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http://www.freitag.ch/shop/FREITAG/page/fcut_page/detail.jsf >
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http://www.bueromoebel-werksverkauf.de/inwerk_bm/konferenztisch_seite_1.htm >
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(23) Limognes Jewelry (product: ring, industry: jewelry), accessed: 1 of June 2009, <
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http://www.lulu.com >
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2009, <  http://    n-e-r-v-o-u-s.com/radiolaria/index.php >
(30) Nike ID (product: shoes, industry: footwear), accessed: 14th of July 2009,
<http://nikeid.nike.comnikeidindex.jsp>
(31) Paul and Julia Design (product: bag, industry: accessories), accessed: 1 of June 2009, <
http://www.pauljuliadesigns.com/designyourownbag.php >
(32) Physical Design Co. (product: unspecified, industry: subtractive digital manufacturing on
demand), accessed: 23 of July 2009, < http://www.physicaldesignco.com >
(33) Ponoko (product: not specified, industry: subtractive digital manufacturing on demand),
accessed: 23 of July 2009, < http://www.ponoko.com >
(34) Porsche (product: car, industry: automobile), accessed: 1 of June 2009, <
http://www.porsche.at/html/page.php?id=1716 >
(35) Reebok (product: shoes, industry: footwear), accessed: 1 of June 2009, <
https://www.reebok.com/yourreebok >
(36) Regal System (product: storage unit, industry: furniture), accessed: 1 of June 2009, < http://
www.regalsystem-max.de/webseiten/regalbau/regal.html >
(37) Schritinator (product: T-shirt, industry: apparel), accessed: 1 of June 2009, <
http://www.shirtinator.co.uk >
(38) Shapeways (product: not specified, industry: additive digital manufacturing on demand),
accessed: 23 of July 2009, < http://www.shapeways.com >
(39) Shapeways’ Custom Cufflinks (product: cufflinks, industry: accessory), accessed: 1 of June
2009, < http://www.shapeways.com/creator/cufflinks/step1 >
(40) Shapeways’s Fruit Confessions (product: fruit bowl, industry: accessory), accessed: 1 of June
2009, < http://www.shapeways.com/creator/index >
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2009, < http://www.shapeways.com/creator/index >
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of June 2009, < http://www.shapeways.com/creator/index >
(43) Shirtman (product: T-shirt, industry: apparel), accessed: 1 of June 2009, <
http://www.shirtman.de/shop.php >
(44) Smart Furniture (product: storage unit, industry: furniture), accessed: 1 of June 2009, <
http:// www.smartfurniture.com/shop/catalog.designer.asp >
(45) Snaptotes (product: bag, industry: accessories), accessed: 1 of June 2009, <
http://www.snaptotes.com/home >
(46) Steve Madden (product: shoes, industry: footwear), accessed: 14th of July 2009,
<http://www.stevemadden.com/item.aspx?id=48964>
(47) Studio Ludens Epa:Kato (product: table mat, industry: accessories), accessed: 1 of June
2009, < http://create.studioludens.com/coaster/ >
(48) Studio Ludens Lux:Sculptor (product: lamp, industry: furniture), accessed: 1 of June 2009, <
http://create.studioludens.com/sculptor/ >
(49) Teckentrup (product: garage door, industry: construction), accessed: 14th of July 2009,
<http://www.teckentrup.eu/HOME.191+M54a708de802.0.html>
(50) Toyota (product: car, industry: automobile), accessed: 1 of June 2009, <
http://www.toyota.de/cars/new_cars/carconfig-index.aspx >
(51) Timbuk2 (product: bag, industry: accessories), accessed: 1 of June 2009, <
http://www.timbuk2.com/tb2/products/bagbuilder >
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(52) Tiny Pocket People (product: pocket doll, industry: toys), accessed: 1 of June 2009, <
http://www.tinypocketpeople.com >
(53) Varistyle (product: hangings, industry: furniture), accessed: 1 of June 2009, <
http://www.individualdesign.varistyle.de/varistyler/flash.html >
(54) Walmart’s Family Jewelry (product: ring, industry: accessories), accessed: 1 of June 2009, <
http://familyjewelry.walmart.com/Template.mvc/StartNewConfig/906 >
(55) Zaunick (product: cufflinks, industry: accessories), accessed: 1 of June 2009, <
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Adaptive Product Configurator for 
Different Level of Customers' 
Knowledge 
Igor Fürstner, Subotica Tech, Serbia 
Zoran Anišić, FTN, University of Novi Sad, Serbia 
Abstract. The paper presents the latest results of an ongoing project which deals with the 
development of a specific on-line product configurator in the field of thermal insulation of 
buildings. Based on the experience of a previous version of the developed configurator 
that was meant to be used both by users with average or no technical knowledge (B2C 
configurator) and by professionals with proper technical knowledge in the related field 
(B2B configurator), some problems have been recognized. The problems have arisen 
mostly because some of the previous non-professional users have found the product 
configurator too complex to use, because of their lack of proper knowledge about 
insulation and poor IT knowledge. On the other hand some of the professional users have 
found that the configurator lacked the possibility of defining exact and precise input 
parameters. The adaptive product configurator proposes a definition of the customer 
profile that is relevant to the area of investigation. Based on defined customer profile, 
three levels of input information complexity are defined (for "dummy" user, intermediate 
user and professional user). The type and amount of input information on one level is 
defined by a set of initial questions, based on which the customer profile is defined. The 
proposed solution is generated based on input data and built in logic. The results show 
that different levels of input data produce different structure of the configuration process 
and proposed solutions, both qualitatively and quantitatively, but that the differences could 
be acceptable considering the field of thermal insulation. The results also show an 
improvement considering the simplicity of handling and understanding of the configuration 
process as experienced by the user. 
Keywords. Adaptive Configuration, Customer Profile, Product Configurator, Thermal 
Insulation. 
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Introduction 
Global competition is forcing companies to change their activities from a seller 
point of view towards a buyer point of view, what results in a drastic increase of 
product variety offered by enterprises, what is one of the main characteristic trends 
of modern economic system (Franke at al., 2001, Forza & Salvador, 2007). To 
maintain their competitiveness, companies are modularizing their products and 
introducing platform concepts, and this transfer from no customizable products to 
modular products that involve individual customer variants is one of the most 
important industrial strategies nowadays. 
The recent development of IT technology enables the software based product 
configuration systems that support the process of customized product 
development. They compose customer specific solutions using the modules based 
on the customer’s requirements. 
Mass customization alters the traditional product development and moves 
towards a two-stage model, the first, the realm of company/designer establishing 
the solution space and the second, that of customer as co-designer. This second 
stage fundamentally changes the role of the customer from consumer of a product, 
to a partner in a process of adding value (Reichwald et al., 2004). 
This alteration of traditional product development through the involvement of 
the customer into the configuration of the final product faces some obvious 
problems. The fundamental challenge is to avoid the abortion of the configuration 
process by the customer. In many cases, the customer aborts the configuration 
process by himself. Major problem areas include the lack of a customer desired 
option value regarding a specific attribute within the system as well as the 
inability of the customer to create definite preferences between certain option 
values. As a result, the customer aborts the configuration process and does not 
come up to the sales phase (Hansen et al., 2003). Also if customers are 
overwhelmed by the configuration task, they may as well abort the configuration 
process. 
Customers usually only want the product alternatives that exactly fulfill their 
requirements. If too much of a choice is offered, customers can feel frustrated or 
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confused and therefore incapable of making proper decisions. This overload of 
information is sometimes called external complexity. This external complexity is 
caused by limited information processing capacity of humans, lack of customer 
knowledge about the product, and customer ignorance about his or her real 
individual needs (Blecker & Friedrich, 2006). 
Based on problem analysis regarding customers involved in the configuration 
process, the main areas of investigation that should be considered are the 
minimization of the complexity experienced by the customers (Berger & Piller, 
2003, Kumiawan et al., 2003) and the reduction of the cognitive overhead, 
considering not only the extent of choice, but also the lack of understanding about 
which solution meets their needs and also the uncertainties about the behavior of 
the supplier and the purchasing process (Franke & Piller, 2003). 
Outer thermo insulation of buildings 
Outer thermo insulation of buildings is becoming more and more important, since 
energy resource prices have raised extensively in recent years, and environmental 
issues have become more relevant than ever before. Despite the widespread usage 
of thermo insulating materials in everyday practice, it can be noted that thermo 
insulation is often made self-initiated, without the proper knowledge about the 
materials, the technology, and the calculations needed to obtain the best results. 
This results in inadequate solutions, that can range from high installation costs and 
high consumption cost to short lifetime and insufficiency of the applied insulation. 
The ongoing project defines several goals for the developed configurator that 
can be stated as follows: 
• The proposed configurator has to offer web based on-line instant 
results; 
• The result should be based on the latest results in research and practice; 
• The proposed configurator should configure customized results, based 
on the specific characteristics of individual buildings; 
• The proposed configurator has to minimize the potential complexity 
experienced by the user, by reduction of cognitive overhead; 
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• The proposed configurator has to be used by professionals, retailers and 
end users without specific technical knowledge about thermo insulation 
(Figure 1); 
• The proposed configurator should offer an accurate enough result; 
• The configurator has to raise the awareness about the necessity and the 
advantages of proper thermo insulation. 
 
Figure 1. Users of the configurator 
Customer profile configuration 
Based on the experience of a previous version of the developed configurator 
(Figure 2) that was meant to be used both by users with average or no technical 
knowledge and by professionals with proper technical knowledge in the related 
field of investigation, it has been recognized that most of the problems had arisen 
because some of the previous non-professional users had found the product 
configurator too complex to use. On the other hand some of the professional users 
have found that the configurator lacked the possibility of defining exact and 
precise input parameters. 
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Figure 2. Previously developed configurator 
Other problems included the need for more or less accurate results, as well as 
more or less time-consuming configuration. These problems were solved by 
identification of different customer profiles: 
• "Dummy" user; 
• Intermediate user; 
• Professional user. 
"Dummy" user is a customer without proper technical knowledge about thermal 
insulation, or maybe a user with no need for highly accurate results, or a user with 
a need of a fast enough result, etc. Intermediate user is a customer with average 
technical knowledge about thermal insulation, but can also be a customer without 
proper technical knowledge about thermal insulation but with more time for 
completing the configuration process or with a need for more accurate result, etc. 
Professional user is a customer with proper knowledge about the problem of 
thermal insulation, can also be a customer with average technical knowledge 
about thermal insulation but with more time for completing the configuration 
process or with a need for more accurate result, etc. 
To configure the appropriate user profile (Figure 3), three initial questions are 
asked before the start of the configuration process: 
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• What is your estimate about your knowledge about thermal insulation? 
• What are your needs considering the accuracy of the configuration 
results? 
• How much time do you have for completing the configuration process? 
 
Figure 3. User profile configuration 
The answers can range from "I have no knowledge about thermal insulation at 
all" to "I am a professional in the field of thermal insulation" for the first question, 
from "I need as accurate result as possible" to "I just want a rough estimate" for 
the second question and from "I have enough time for completing the 
configuration process'' to "I have limited time for completing the configuration 
process" for the third question (Figure 4). 
 
Figure 4 Initial questions for customer profile configuration 
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The nature of the questions and the answers refer to the use of a non-crisp 
logic; therefore fuzzy logic is used to determine the appropriate customer profile. 
The configured user (customer) profile is used in modified configurator (Figure 5). 
 
Figure 5. Modified configurator 
Project specific input parameters and constraints 
Research in the field of outer thermal insulation defines several rules that have to 
be considered when one wants to make the needed calculations. Those rules 
require knowledge about different parameters, such as: 
• The overall position of the building; 
• The building’s characteristics such as structure, measures, materials, 
etc.; 
• The conditions regarding the surroundings (weather data), etc. 
Different customer profiles that can be configured ask for different levels of 
project specific input parameters and constraints. 
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Project specific input parameters and constraints for "dummy" user 
The overall position of the building, the building’s structure, measures, materials 
and additional information 
Despite the impact on the final result, it is not expected that the user on this level 
can give an adequate answer to the questions about the overall position of the 
building, i.e. about the field position of the building, the lying of the building and 
the type of the building, thus it is not taken into consideration. 
The building's structure requires the following minimal information: 
• Information about the existence and position of cellar, as well as 
information about requirements considering the insulation of the cellar 
and/or floor in contact with the ground; 
• Information about the number of floors; 
• Information about the roof and loft type, as well as information about 
requirements regarding the insulation of the roof and loft and the 
envisaged purpose of them. Because in practice a huge amount of 
different roof and loft types can be found, based on field research, five 
different roof types and four roof-loft types are offered for the selection, 
which cover most of the existing building types; 
The building’s measures require the following information: 
• The estimated area of the ground-plan of the building and an 
information about whether a building is with high or low ceilings; 
• The estimated total number of rooms (including the bathrooms, kitchen, 
etc.) for the estimation of the number of the windows and doors of the 
building. 
The building's materials require the following information: 
• The estimated type of the building regarding the prevailing materials 
used (four different basic materials) and an information regarding any 
previous insulation; 
• Information about window and door estimated quality (three levels of 
quality; poor, average, high). 
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The conditions regarding the surroundings 
One of the project goals is that proposed solution should offer an accurate enough 
result. Therefore the only required data considering the surroundings are: 
• Outer average air temperature; 
• The building's inner average air temperature; 
All other parameters that influence the final results are considered as constant 
and fixed values. 
Project specific input parameters and constraints for intermediate user 
The overall position of the building, the building’s structure, measures, materials 
and additional information 
The necessary data about the overall position of the building requires the 
knowledge about the field position of the building, the lying of the building and 
the type of the building. 
The building's structure requires the following information: 
• Information about the existence and position of cellar, as well as 
information about requirements considering the insulation of the cellar 
and/or floor in contact with the ground; 
• Information about the number of floors; 
• Information about the roof and loft type1; 
• Information about the ground-plan form for each floor. Because in 
practice a huge amount of different ground-plans exist, based on field 
research, five different ground-plans are offered for the selection, which 
cover most of the existing building types. 
The building’s measures require the following information: 
• The lengths and heights for each floor of the building separately. 
Additionally, for each floor there is a correction factor for the floor area, 
the outer wall area, and the roof area; 
• The total area and the number of the windows and doors for each floor; 
                                               
1
 See project specific input parameters and constraints for “dummy” user. 
Fürstner and Anišić: Adaptive Product Configurator for Different Level of Customers’ Knowledge 
Submitted to 5th World Conference on Mass Customization & Personalization MCPC2009 10 
• The number of wall layers (different materials) and floor layers 
(different materials), as well as layer's with for each floor. 
The building's materials require the following information: 
• Material types for floors and walls, for each floor of the building 
separately (thirteen different material types are defined and a maximum 
of five layers per wall); 
• Prevailing window and door types for each floor of the building 
separately (ten different window and four different door types are 
defined and a maximum of five layers per wall). 
The conditions regarding the surroundings 
On this level, the proposed solution should offer more accurate result. Therefore 
the required data considering the surroundings are: 
• Outer average air temperature; 
• Average ground temperature; 
• Average air temperature of the cellar; 
• The building's inner average air temperature; 
• Unused average air temperature of the loft. 
Other parameters that influence the final results, such as thermal conductivity 
of different materials, heat transmission coefficient, etc. are considered as constant 
values. 
Project specific input parameters and constraints for professional user 
The research field of outer thermal insulation defines several rules that have to be 
considered when one wants to make the needed calculations on a professional 
level, i.e. if one wants to have highly accurate results. These calculations include 
all required information in detail and will not be discussed in this paper, because 
several professional software packages exist on the market that deal with the 
problem, such as Bausoft Winwatt, Resfen, Casa Nova, etc. 
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Proposed algorithm 
Different structural parts of the building are taken into consideration separately by 
the proposed algorithm depending on the profile of the customer. The structural 
parts of the building are chosen based on necessary calculations and differences 
considering the choice of insulating materials defined by the manufacturer. These 
structural parts are: the floors in contact with the ground, the walls in contact with 
the ground, the walls in contact with external atmosphere near and far from the 
ground, the floors in contact with external atmosphere, loft's floor, roof, windows 
and doors. Based on input parameters and constraints, several input calculations 
are made (Fürstner and Anišić, 2009 a, Fürstner and Anišić, 2009 b). 
In the case of "dummy" user, the calculations include the determination of: 
• Estimated total area of outer floors in contact with the ground; 
• Estimated total area of outer walls in contact with the ground; 
• Estimated total area of outer walls in contact with external atmosphere 
near the ground; 
• Estimated total area of outer walls in contact with external atmosphere 
far from the ground; 
• Estimated total area of the loft's floor; 
• Estimated total area of the roof; 
• Estimated number and total area of windows and doors; 
• Approximate circumference of windows and doors. 
In the case of intermediate user, the calculations include the determination of: 
• Total area of outer floors in contact with the ground; 
• Total area of outer walls in contact with the ground; 
• Total area of outer walls in contact with external atmosphere near the 
ground; 
• Total area of outer walls in contact with external atmosphere far from 
the ground; 
• Total area of outer floors in contact with external atmosphere; 
• Total area of the loft's floor; 
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• Total area of the roof; 
• Approximate circumference of windows and doors. 
The case of professional user will not be discussed here. 
Based on the input calculations, for each structural part of the building the heat 
transmission coefficients are calculated. The calculation results are used as inputs 
for the calculation of total energy loss of the building. The heat transmission 
coefficients of the defined structural parts are used by the algorithm to define the 
needed insulating materials. The algorithm takes into consideration the 
manufacturer's advice and defines three levels of priority for initial offer of 
options and values for insulating material separately for every structural part of the 
building. 
After the needed insulating materials are offered, total energy loss of the 
building without proposed thermal insulation as well as with thermal insulation is 
calculated. Additionally the energy costs for different energy sources are 
calculated too. 
The offered insulating materials define the choice of additional materials such 
as the glue for the insulating material, screws, etc.  
The algorithm also enables the hand correction of insulating and additional 
material types, measures and amounts, based on which the total energy loss with 
handpicked materials is calculated. 
The result of the previously defined algorithm gives the calculated bill of 
proposed material types and amounts, as well as the handpicked material types 
and amounts with prices, what can be used for purchasing. 
Interaction with users 
Different customer profiles determine the level of complexity of the configurator, 
and thus the complexity of the configuration process, but irrespective of the 
determined customer profile the configuration process should be easy to use and 
understandable for the user. Therefore the interaction with end users is defined in 
six levels (Fürstner & Anišić, 2009 b). 
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The first level contains general information about thermo insulation on an 
encyclopedic level. It can be accessed during all phases of defining the parameters 
of the building. Their usefulness is multiple. They inform the user with limited 
knowledge regarding thermo insulation about its benefits. They also give an 
overview of current trends in building insulation with results that can be obtained, 
thus raising awareness about environmental protection by reduction of thermal 
energy used for heating. Last but not least, these are popular science texts; 
therefore they are used to make the use of the configurator more interesting. 
The second level contains specific instructions for filling in each form 
separately, as well as overall information about "things to do" for each page of the 
configurator. Specific instructions for filling in the forms can be accessed directly 
beside each form. They are presented in the form of direct instruction for use. 
Beside these direct instructions, each page of the configurator includes a specially 
designed portal for assistance that offers tips that should be provided by experts 
from the observed field. 
The third level contains a number of forms to be completed. A huge number of 
required input parameters and constrains (especially for intermediate and 
professional user) requires for the input fields to be defined in a way that is both 
easy and fast for manipulating instead of cumbersome for the user. Therefore, 
wherever it is possible the fields are defined visually, not textually. Beside that, 
the measures can be defined via drop down menus. Only a few input fields are 
used, where there is no possibility to define a predefined - offered result. 
The fourth level of interaction is a possibility for the professional users to 
analyze their individual projects - solutions by their retailer to obtain an optimal 
solution. One of the main problems for the non professional user who uses this 
kind of configurator is the lack of understanding about the whole aspect of thermo 
insulation. Therefore the customer has a possibility to analyze their individual 
projects - solutions, by a chosen retailer. The project can be accessed by the 
retailer, who can alter the project parameters, and modify the hand corrected result 
to achieve the desired solution. Based on the solution and the retailer's individual 
prices a purchase offer is automatically generated. 
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The fifth level of interaction is a possibility to read the answers for a set of 
frequently asked questions, given by an expert, while the sixth level of interaction 
is a possibility to ask a direct question via a set up form. The answer is given by 
an e-mail. 
Architecture 
The architecture is a three tier client server application (Figure 6). 
 
Figure 6. Client server architecture 
At the client's side, only a common web browser is needed. The server side 
consists of an application server and a database server. The application server 
receives a request from the client, interprets it and performs the needed 
procedures. During the calculation process, the application communicates with the 
database. The result is passed back to the client. 
Database 
The developed database is a relational database (Figure 7), which records all the 
necessary information about basic insulation materials and additional materials, 
projects and project specific data, customers and retailers. 
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Figure 7 Developed database 
Case study 
The developed configurator is tested configuring an existing building. The 
insulation is configured and the results are calculated for each customer profile. 
Heat loss is calculated, for input temperatures that are shown on Figure 8. 
 
Figure 8 Input temperatures 
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Heat losses without insulation and with proposed insulation, for different 
customer profiles are shown on Figure 9. 
 
Figure 9. Calculated heat loss 
Deviations of calculated heat losses without insulation and with proposed 
insulation, for different customer profiles compared to detailed calculations are 
shown on Figure 10. 
 
Figure 10. Deviations from detailed calculation 
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Deviations of calculated amounts of needed materials for different customer 
profiles compared to detailed calculations are shown on Table 1. 
Material name Material code Deviation of 
calculated amounts 
of needed materials 
from detailed 
calculation for 
"Dummy" user [%] 
Deviation of 
calculated amounts 
of needed materials 
from detailed 
calculation for 
Intermediate user 
[%] 
styrodur 0510-25006000 2.3 0.9 
isomaster 0501-08006000 7.8 4.0 
styrodur 0510-30008000 2.2 0.9 
styrodur 0510-30008000 6.0 0.8 
isomaster 0501-08006000 100.0 41.2 
isomaster 0301-07010000 0.7 23.6 
isover rio twin 0508-rt126000 13.2 2.1 
masterfix 0103-10001005 6.7 2.7 
masterfix 0103-01101025 8.5 0.7 
masternet 0101-117wh055 12.6 0.5 
thermomaster 0110-0z060000 53.1 6.1 
ejot 0111-03000000 53.1 6.1 
ejot 0112-03000000 53.1 6.1 
ejot 0112-05000000 53.1 6.1 
ejot 0112-10000000 53.1 6.1 
thermomaster 0118-00090250 7.7 4.1 
plug dowel 0717-64002000 53.1 6.1 
thermomaster 0105-10100000 66.7 0.0 
Table 1. Deviation of calculated amounts of needed materials 
Conclusions 
The fact that thermo insulation of buildings is often made elementally, without the 
proper knowledge about the materials, the technology and the needed calculations, 
results in inadequate solutions, that can range from high installation costs and high 
usage cost to short lifetime and insufficiency of the built insulation. Therefore, 
there is a need to have automated solutions for it. On the other hand, if users are 
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overwhelmed by the configuration task, or there is a lack of a desired option value 
for a specific attribute, or the users simply don't understand the configuration 
process, they may abort the configuration process and do not come up to the sales 
phase. Therefore, the developed configurator has to offer web based on-line 
accessibility for wide range of users, and should give instant results to be as 
attractive as possible to the public. The solution should be customized for each 
individual building, but the user interface has to maintain as general as possible to 
minimize the risk of abortion by the user. The proposed configurator has to be 
used both by non-professional users as well as by professional users. The 
proposed solution should offer an accurate enough result. 
The case study shows that deviations from exact calculations for “dummy” user 
range from approximately 3.74% for calculations without thermal insulation to 
18.41% for calculations with thermal insulation. Deviations for intermediate user 
range from approximately 1.92% for calculations without thermal insulation to 
11.4% for calculations with thermal insulation. Based on these results one can 
conclude that different customer profiles give different results, but that the 
differences could be accepted if the nature of the research field is taken into 
consideration. The results for needed insulating materials and types show that for 
some materials, the differences are significant, but in the case of “dummy” user 
the overall result can be used as a good starting point for more detailed 
calculations, while in the case of intermediate user the results don’t differ too 
much from the results obtained by detailed calculations if the nature of the 
research field is taken into consideration. The configuration process in the case of 
the “dummy” user lasts about 2-3 minutes, for intermediate user the required time 
is about 5-10 minutes, and for professional user it takes more than 10 minutes. 
The final solution is given in understandable form, which can be directly used for 
ordering. These results show that different customer profiles could be necessary 
for successful completion of the configuration process. 
Experiences from retailers suggest that the idea of insulating a building is 
becoming more interesting and acceptable for the customers, when presented 
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using the configurator, while end users suggest that there is further need to make 
the configurator more interesting. 
The results and the gained experiences point towards several future research 
directions: 
• Making the user interface more interesting by using as many visual and 
interactive elements as possible with real time multimedia help; 
• Testing the new version of the configurator against the previous version 
on a significant statistical sample to get relevant information about the 
abortion level and the need for using different customer profiles; 
• Testing the new version of the configurator against the previous version 
on a significant statistical sample to get relevant information about 
deviations in calculated results; 
• Definition of rules for taking into account the accepted solutions by 
previous customers of certain profile and their incorporation into 
configurator; 
• Development of an intelligent decision making algorithm that takes into 
consideration the input parameters and constraints, the customer profile, 
the previously accepted solutions and can automatically adjust the 
solution that can lead to suggested solutions, which correspond to a 
greater extent to finally accepted results. 
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Abstract. Product configurators are a subtype of software-based expert systems with a
focus on the creation of product specifications. Product configurators are increasingly
being applied by engineering-oriented companies, which has resulted in many positive
effects, such as reduced lead times, fewer errors, shorter learning periods for new
employees, etc. Unfortunately, also many configuration projects fail because the task of
developing the configurator turns out to be much more difficult and time-consuming than
anticipated. In order to minimize the chance of project failure, it is crucial to apply the
right strategy. However, the literature does not discuss different strategic alternatives in
a detailed manner, but only provides generalised recommendations of single strategies.
To deal with this issue, this paper defines three main and four additional strategies for
the development of product configurators. The strategies are defined based on literature,
seven named case studies, and other case experiences of the authors. The paper
deduces the advantages and disadvantages of the individual strategies, and gives a
general recommendation of which type of strategy to pursue in different types of
projects.
Keywords. Product configuration, Product configurator, Configurator development,
Configurator strategy
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1 Introduction
On the world market today, there is an increasing demand for customer-specific
products, while the competition on prices and delivery times is hard (Forza and
Salvador, 2006; Aldanondo and Vareilles, 2008). Mass customization is a
manufacturing paradigm that focuses on satisfying individual customer
requirements, while keeping the manufacturing costs and delivery times close to
the ones of mass produced products (Pine, 1993). Mass customization can be seen
from two much different perspectives, depending on whether the company that
pursues a mass customization strategy is an engineering-to-order company or a
mass production company (Haug et al., 2009b). This paper focuses on
engineering-to-order companies, in which the use of product configurators in many
cases has been an important means of reducing lead times and prices, while
maintaining the ability to satisfy individual customer requirements. A product
configurator is a subtype of software-based expert systems (or knowledge-based
systems) that creates product specifications based on design requirements from
users and its rules/constraints for how elements may be combined. More formally,
a product configurator can be defined as "a software-based expert system that
supports the user in the creation of product specifications by restricting how
predefined entities (physical or non-physical) and their properties (fixed or
variable) may be combined" (Haug, 2007). In the context of engineering-oriented
companies, the use of product configurators has resulted in a range of benefits,
such as: shorter lead times, improved quality of product specifications,
preservation of knowledge, use of fewer resources for specifying products,
optimized products, less routine work, improved certainty of delivery, and less
time needed for training new employees (e.g. Ardissono et al., 2003; Forza and
Salvador, 2007; Hvam et al., 2008).
Although many engineering-oriented companies achieve some of the mentioned
benefits from the use of configurators, many companies also experience great
difficulties. Unfortunately, the literature describes almost only successful cases,
which does not give a correct picture of the reality. According to the wide
experience of the authors from studying numerous configurator projects and
through discussions with people from industry and academia, a great part of
initiated configurator development projects, aimed at complex products and
multiple users, do not result in the creation of a configurator, which is nearly as
widely used by the organisation as expected. In fact, often projects are abandoned
even before the configurator is completed. On the other hand, it is often seen that
although a configurator project fails, later a project with a similar focus but with a
different organisation, scope or choice of software succeeds.
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There are two basic challenges to overcome in order to achieve success in a
configurator project. Firstly, the project has to survive until the configurator is
developed to a point where it can be taken into use. If a project gets significantly
more costly than anticipated or the project fails to produce prototypes that indicate
that the project may succeed, such projects may be abandoned in order to reduce
potential losses. Secondly, although a project leads to the development of a
configurator, still the configurator has to be accepted and used by the organisation.
In this context there are several challenges, such as ensuring that the configurator
covers an adequately big part of the products produced, that it can produce
adequately extensive outputs, and that it is adequately precise. If such demands are
not fulfilled, the use of the configurator may soon be abandoned.
There is a number of different ways of carrying out the project of developing a
product configurator. Obviously, the way this is done impacts both costs,
development time and the quality of the configurator. However, in the literature a
clear definition of the different ways of carrying out the development of a
configurator does not exist, but only proposals of specific approaches, without
much consideration of alternatives and descriptions of in which contexts the
specific approach is suited. Thus, this paper answers two important questions: (1)
what are the different strategies for developing product configurators? and (2)
what are the advantages and drawbacks of choosing one of these strategies? By
clarifying the different strategies in configurator projects and the consequences of
choosing them, this paper provides an improved understanding of configurator
projects for future research and a better basis for companies engaging in such
projects.
The remainder of this paper is structured as follows. Section 2 resumes relevant
concepts and literature. Next, section 3 takes a basis in cases previously studied by
the authors and defines possible strategies. Section 4 engages in a discussion of the
defined strategies concerning the effects of choosing them and of which case
characteristics that make some strategies more suited than others. The paper ends
with a conclusion in section 5.
2 The development of configurators
In order to define the different strategies for the development of product
configurators, some basic concepts need to be defined. This section resumes the
concepts of knowledge acquisition and knowledge representation in a
configuration context, followed by a description of different perspectives on the
configurator development process.
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2.1 Knowledge acquisition
In order to obtain the many possible benefits from implementing a configurator in
the daily operations of a company, the right information has to be implemented in
the configurator. The information that forms the basis for the creation of a
configurator is provided by the relevant product experts of a company (i.e.
expertise related to design, processes, sales, etc.). The ones responsible for
retrieving and formalizing product expert information into conceptual models are
called 'knowledge engineers'. The process of retrieving information from product
experts and transforming it into representations suitable for implementation in an
expert system is referred to as 'knowledge acquisition'. Knowledge acquisition is a
process that includes the activities: 1) the knowledge engineer uses of
communication techniques to elicit information from relevant experts (knowledge
elicitation); 2) the knowledge engineer interprets this information to draw
conclusions about what may be the underlying knowledge and reasoning processes
of the product experts; and 3) the knowledge engineer uses his/her conclusions to
direct the construction of a model (and the implementation of it in an expert
system shell or language) (Byrd et al., 1992). Earlier, the development of expert
systems was seen as a transfer process, based on the assumption that the required
knowledge already existed, for which reason the task of creating an expert system
merely was to collect and implement this knowledge. Today, however, there is
overall consensus that the process of building an expert system is better perceived
as a modelling activity (Clancey, 1993; Studer et al., 1998; Speel et al., 2001).
This modelling view on the knowledge acquisition process has according to Studer
at al. (1998) the following consequences: 1) models are only approximations of the
reality, and principally, the modelling process is infinite since it is an incessant
activity with the aim of approximating the intended behaviour; 2) the modelling
process has a cyclic course, since new observations may lead to a refinement,
modification or completion of the already built-up model; and 3) the modelling
process is dependent of the subjective interpretations of the knowledge engineer,
for which reason the process is typically faulty, and evaluation of the model with
respect to reality is indispensable in order to create an adequate model.
2.2. Knowledge representation
The area of knowledge representation is a subarea of the field of artificial
intelligence and focuses on the use of symbol systems to represent (simulate) the
relevant knowledge of some domain. Davies et al. (1993) argue that the essence of
a knowledge representation best can be understood by the five distinct roles it
plays: (1) a surrogate (a substitute for the thing itself, used to enable reasoning
about the world rather than taking action in it); (2) a set of ontological
commitments (description of how in which terms the world should be perceived);
(3) a fragmentary theory of intelligent reasoning (expressed by three components,
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a fundamental conception of intelligent reasoning, a set of inferences sanctioned,
and a set of inferences recommended); (4) a medium for pragmatically efficient
computation (the computational environment in which thinking is accomplished);
and (5) a medium of human expression (a language for saying things about the
world).
In configurator development projects, two diagramming techniques are
frequently used for the capture and representation of product information, namely
the product variant master (PVM) technique (sometimes named 'Product Family
Master Plan') and class diagrams. PVMs are targeted at representing knowledge
about a product assortment. PVMs describe classes, their relations and properties,
and constraints that determine how classes and properties may be combined. A
PVM consists of two generic sections. The part-of section, placed in the left side
of a PVM, defines the classes that a given product family can comprise. The kind-
of section, placed in the right side of a PVM, describes the variation of a part, i.e.
different types with common characteristics. In the course of time, different
definitions of the PVM notation have been proposed, most importantly by
Mortensen et al. (2000), Harlou (2006) and Haug (2007). Based on the latter
definition, which represents the most extensive and formalized of these definitions,
a principal example of the PVM technique is seen in Figure 1. In the example, the
guillemets (<<...>>) indicate that the class 'BodyAssembly' is a class of the type
'assembly'.
Figure 1. Example of the PVM technique.
In contrast to PVMs, class diagrams have not been created as a language aimed at
describing product information, but at general software development. A class
diagram describes object classes, their properties and their relationships. Class
diagrams are part of the UML (Unified Modelling language), which in version 2.0
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consists of thirteen diagram types (OMG, 2005). Figure 2 shows a principal
example of a class diagram with some of the most common elements, as if applied
in a product analysis context (extended version of the model in Figure 1, without
pictures). The relationship types shown are: generalization (generalization-
specialization structure); composition (whole-part structure, strong aggregation in
the sense that the 'part' is controlled by the 'whole' all its lifetime); association
(classes that are related but not part or type of the other class); and dependency (a
change in one element affects the other element). For description of constraints on
how elements may be combined, UML provides a formal language named OCL
(Object Constraint Language). However, the use of OCL is not mandatory in
order to comply with normative use of UML, but any formalism for the description
of constraints can be used, as long as being within braces ({}).
Figure 2. Example of class diagrams.
In a configurator development context, the two described types of representation
techniques can be used more or less for describing the same thing. The main
difference is that class diagrams represent a richer and more formal notation than
PVMs, while PVMs seem to be easier to learn and review for persons with limited
prerequisites concerning software development and conceptual modelling (Haug
and Hvam, 2007a; 2007b). Studies of Danish companies engaged in configuration
projects indicate that PVMs (or variants of this language) are much more applied
than class diagrams in these cases (Edwards et al., 2005; Haug and Hvam, 2007a;
Hvam et al., 2008). On the other hand, several reports of the use of class diagrams
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in international cases of configuration and product information structuring exist
(e.g. Felfernig et al., 2000; Männistö et al., 2001; Eynard et al., 2004; Cerón et al.,
2004).
In some configurator projects, PVMs and class diagram are extended by CRC
cards (classes, responsibility and collaboration cards) for holding detailed
information about classes, in order to avoid loss of the clarity of the diagrammatic
representation. Compared to the original CRC-cards, defined by Beck and
Cunningham (1989), such CRC-cards can also hold pictures, implementation
information, revision information, etc. (Hvam et al, 2008; Haug and Hvam, 2009).
2.3 A knowledge engineering perspective on configurator development
Based on experience retrieved from the numerous projects studied at the Centre
for Product Modelling at the Technical University of Denmark (e.g. Edwards et
al., 2005; Hvam, 2004; Hvam et al. 2008), at an overall level, the process of
creating and maintaining product configurators can be described as consisting of
the six main processes illustrated in Figure 3 and subsequently described (Haug,
2007). The figure should only be perceived as an idealized description of the
process, which in practice includes variations in the form of skipping, merging or
not formally conducting some of the processes. In the figure the dotted line from
analysis to design model illustrates that the distinction between analysis and design
model is not necessarily explicitly defined. Often in practice, the design models are
just more formalized and detailed versions of analysis models. The dotted lines to
the documentation system (a system for sharing documentation) symbolize that a
documentation system may not included in the different phases.
Figure 3. The process of creating product configurators (Haug, 2007).
The first process of Figure 3, 'Elicitation, is the process in which the knowledge
engineer retrieves the information related to product in focus. This information can
be delivered verbally, by demonstration or in documents of physical or electronic
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form. Documented information can be in the form of text, diagrams, tables,
formulas, informal rules, sketches, etc.
In the second process, 'Translation', the retrieved information is recorded in
analysis models in order to provide a basis for discussing the product information
to be included in the configurator. Just as information delivered verbally needs to
be translated into the analysis model language, also the information delivered in
recorded form, such as texts and diagrams, most often needs to be translated into
another format in order to communicate this efficiently with relevant experts. For
instance, in many cases it is advantageous to transform textual information into
graphical models to provide a basis that is adequately clear and structured to
support discussions and evaluation by product experts. Besides retrieved
information, new information may need to be created, since some rules may not
have been explicitly described before the project. During the translation phase, a
product optimization may also take place, i.e. by eliminating or substituting rarely
used solution principles and components.
In the third process, formalization, the analysis models are transformed into a
format more suitable for implementation. The created analysis models may not be
well suited for implementation in a configurator if the constructs of the
representation language of the analysis models differ from the ones of the
configurator modelling environment. Also, other configurator aspects such as
integrations to other systems and user interfaces may need to be defined. As
mentioned, in practice, often the transition from analysis to design model will not
be strictly divided, but be more a change of focus and a further elaboration of the
analysis models.
In the fourth process, documentation, the information acquired and defined
during the analysis and design phases of configuration projects has to be
documented if others persons than the ones possessing this information are to use
or evaluate it. In this context it should be noted that product experts normally do
not understand (or have access to) the modelling environment of configurators,
which creates the need for external knowledge representations. In the many
configuration projects studies at Centre for Product Modelling at the Technical
University of Denmark the kinds of software most often used for external
documentation are MS Visio, Excel, Word, CAD Programs, Lotus Notes and
Product Model Manager (e.g. Hvam, 2004; Edwards et al., 2005; Hvam et al.,
2008; Haug and Hvam, 2009).
In the fifth process, implementation, the design models are implemented in the
selected configurator software shell or programming language. During the
implementation process, changes compared to the design models may occur and
new information may be created.
The final process, synchronization, aims at ensuring that the documentation is
always up to date. This means that this external information has to be updated
when changes in the knowledge base of the configurator occur. If such external
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documentation is not created, in many cases it becomes very difficult or even
impossible to overview the knowledge implemented (Edwards et al., 2005; Hvam
et al., 2005, Hvam et al., 2008).
2.4 Approaches with a wider focus
The provided description of the process of developing a product configurator in
section 2.3 only describes a small part of a configuration project. In configuration
projects, also issues such as process reengineering, organisational change
management, software selection, and configurator maintenance have to be
considered. Some existing approaches deal with such issues in varying extent.
Hvam et al. (2006;2008) describe a seven phase procedure for the development
and maintenance of product configurators, starting at business process analysis and
ending in a configurator maintenance phase. For the description of the existing
product information (product analysis), this procedure recommends the use of
PVMs. For the creation of design models, the procedure recommends the use of
class diagrams. For detailed information of classes in PVM and class diagram
models, this procedure recommends the use of special CRC-cards. Besides the
tasks of collecting, documenting and implementing product information in a
configurator, the procedure also deals with issues such as process reengineering,
organisational change management, software selection, and configurator
maintenance. Hvam et al. (2008) recognise that the procedure may be used in
altered versions, but do not provide an overview of such uses.
Another approach for the development of product configurators is been
proposed by Felfernig et al. (2000; 2001). This development process does not have
the wide focus as the one by Hvam et al. (2008), as it does not include aspects
such as organisational change and process reengineering. Instead, Felfernig et al.
(2000) show that UML class diagrams can be used for the construction of a logic-
based description of the domain knowledge. This includes introducing classical
description concepts for expressing configuration knowledge in class diagrams and
automatically translating a class diagram representation into logical sentences,
which can be used by a general inference engine for solving a configuration task.
In principle, class diagrams function both as analysis and design models in this
procedure. The papers (Felfernig et al., 2000;2001) do not engage in discussions
of in which contexts the defined process is useful or what the alternative
approaches are.
Forza and Salvador (2007, pp. 160) recognise that there is a number of
different ways of carrying out a configurator development project. Thus, they
settle for a definition of an overall five phase reference process, consisting of a
logical sequence of activities needed for the implementation of a configurator. This
process starts by a preliminary analysis, which aims at deciding if product
customization should be addressed by the company or not, and ends at a phase of
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creating, testing and launching a configurator. Forza and Salvador (2007) provide
a comprehensive overview of topics related to mass customization and product
configuration, but do not go into detail about different representation formalisms
and strategies concerning different setups of persons, knowledge representation
formalisms and information transfers in the context of developing product
configurators.
3 Strategies for the development of configurators
This section firstly describes some basic assumptions made in order to compare
different product configurator development processes. Through this optic, seven
previously studies cases are analysed, and based on this, the strategies for the
development of configurators are defined.
3.1 Basic assumptions
As mentioned, the focus of this paper is on projects that include products of some
complexity and in which multiple experts possess the information needed to
develop the configurator. To establish characteristics of different strategies for the
development of configurators in such projects, to begin with, some basic
assumptions are made. As a starting point, the process of developing a
configurator is divided into three tasks:
1) Retrieve relevant product information
2) Represent relevant product information
3) Implement defined product information
The first task, retrieve relevant product information, includes identifying which
persons, documents or IT systems that hold the information needed in order to
develop a configurator. Also it needs to be ensured that the retrieved information
is correct and agreed upon, and not just subjective estimates from single persons
without proper authority for making such decisions. The next task, represent
relevant product information, is most often a necessary step before implementation
in the configurator. If relevant product information is not represented in a way that
is understandable by relevant parties, then essential discussions and agreements can
be difficult to achieve, such as the scope of the configurator, what information to
include, definitions of new product information, etc. If the persons who are going
to use the configurator do not agree on the information that has been implemented,
then there is a great risk that they will not use the system and the project
eventually fails. The third task, implement defined product information, varies in
complexity, depending on the selected software. In some cases, the selected
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software allows persons with only moderate IT competencies to build the
knowledge base of the configurator, while in other cases this task requires
significant IT expertise.
The next basic assumption is a division of the persons involved in a
configuration project into the three following types, which are subsequently
described:
1) Product expert
2) Knowledge Representation Expert
3) Configurator Software Expert
Product experts are the persons who possess the relevant information related to
the product in focus, i.e. engineers, technical personal, sales persons, managers,
etc. This expertise can be in the form of undocumented knowledge/information,
which resides in the head of the expert, and documented information in the form of
texts, drawings and software systems. The next type of expert, a knowledge
representation expert, is a person who has the ability to represent product
information in a way that is both adequately formalised and unambiguous to allow
implementation in a configurator, while also being adequately easy for product
experts to understand, so that they can evaluate the representations. The reason
for using the term 'knowledge representation expert', instead of the more
frequently encountered 'knowledge engineer', is to avoid confusion about the role.
The term 'knowledge engineer' is sometimes used in a broader meaning than just
knowledge retrieval and representation, since it sometimes also includes the
implementation of product information in the expert system, in this case a
configurator. The last type of expert, a configurator software expert, is a person
with the adequate skills in developing configurators in the selected configurator
software.
3.2 Studies of configuration projects
At the Centre for Product Modelling at the Technical University of Denmark,
more than 40 configuration projects have been studied during the last 15 years
(Hvam et al., 2008). Many of these cases are described in the literature, and for
some of the cases, information about the approach for the development of
configurators has been obtained. Seven of the cases that fulfil both of these
conditions are:
1) Demex Electric (e.g. Hvam et al., 2002)
2) Fritz Hansen (e.g. Riis, 2003)
3) FLSmidth (e.g. Hvam, 2004)
4) Niro (e.g. Hvam, 2004)
5) APC (e.g. Hvam, 2004)
5th World Conference on Mass Customization & Personalization MCPC2009 12
6) Novenco (Haug et al., 2009a)
7) Grundfos (Oddsson, 2008)
Most of these seven companies have launched several configurator projects and
are presently using multiple configurators. However, in the literature mentioned,
only some of these development projects have been in focus in the case studies.
Focusing on the particular configurator projects and using the optic defined in
section 3.1, the seven cases represent the use of three main strategies.
Additionally, three other strategies, which were not included in the main
development strategies in the investigated cases, were also identified. Finally,
based on the six identified strategies, one additional strategy was deduced. Thus, in
all seven distinct strategies for the development of product configurators are
defined. These strategies are described in the following sections.
3.3 The three main strategies
The three main strategies for the development of product configurators found in
the cases studied are shown in Figure 4 and subsequently described.
Figure 4. The three main configurator development strategies.
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Strategy 1 represents the 'textbook' way of carrying out configurator projects,
where each task is carried out by a specialist in one specific area. In this approach,
product experts evaluate the models of the relevant product information before it
is implemented in the configurator. Strategy 2 represents a case in which the
persons that represent the product information also implement it in the
configurator. The creation of conceptual models of the acquired product
information allows product experts to evaluate this information before and during
the implementation in the configurator. Strategy 3 differs in the sense that
conceptual models are neither made before nor during the implementation of the
product information. Thus, only by testing the product configurator, product
experts can evaluate if the product information implemented is correct.
Table 1shows the distribution of the use of the three strategies in the analysed
cases. For reasons of confidentiality, the seven companies are named A to G. In
two of the cases, two strategies were applied to a great extent.
Companies Total
Main strategy applied A B C D E F G
Strategy 1 X X X X 4
Strategy 2 X X 2
Strategy 3 X X X 3
Table 1. The three main strategies for development of product configurators.
3.4 Four additional strategies
As mentioned, three additional strategies, which cannot be said to have been
among the main development strategies in these companies, were identified. These
strategies are shown in Figure 5.
The use of strategy 4 was found in two of the cases studied, but as a strategy
mainly used in the maintenance phase, rather than a main strategy in the
configurator development projects. Thus, strategy 4 does not qualify as being a
main development strategy. Strategy 4 is in many ways similar to strategy 3, when
considering that the information that product experts hand over to configurator
software experts in strategy 3 may be in the form of conceptual models. Strategy 3
differs from strategy 4, since it represents a situation where the product experts
provide information spread across multiple models or documents, while in strategy
4 the product experts work on common models. There is also a fine line between
strategy 4 and strategy 1. The difference between the two strategies is that in
strategy 1 the creation of conceptual models is handled by one or few central
persons, while in strategy 4 the product experts document their knowledge
themselves.
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Strategies 5 and 6 were identified in one of the projects. In this case the
software used for the creation of conceptual models could transfer these models to
a configurator. At this company, in a single project, a combination of strategies 5
and 6 was applied to create a configurator. This configurator, however, had not
been taken into full use at the time of the study, and the other configurator projects
at this company had been done in accordance with the three main strategies. Thus,
strategies 5 and 6 cannot be considered to be among the main strategies at the
company in focus, at least not for the time being.
Figure 5. Strategy 4, 5 and 6.
Besides the six defined strategies, a seventh strategy, which was not found in the
mentioned cases, can be defined. In this strategy, the product experts themselves
implement their knowledge in the configurator software, as shown in Figure 6.
Strategy 7, however, in the context of complex products and multiple involved
product experts holds some great challenges. Firstly, the strategy requires that
multiple product experts are capable of working with the relevant configurator
software, which seldom seems to be the case in practice, not least because most
configurator software shells are difficult to use for persons without IT
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prerequisites. However, configurator software shells may become more user-
friendly in the future, and, therefore, this strategy more realistic. Another issue is
that multiple product experts need to work on the same model, instead of it being
one or a few central experts who are responsible for the configurator development
(as in strategy 3). Obviously, this approach could make it very difficult to achieve
consistent configurator knowledge bases and avoid errors and disagreements. On
the other hand, the approach may work fine if it is only a few central persons who
possess the relevant product expertise, and they also have the necessary
configurator software skills. However, as mentioned, this simple type of case is not
the focus of this paper.
Figure 6. Strategy 7.
4 Discussion of the three main strategies
This section discusses the effects of choosing the individual strategies and in which
type of cases each strategy seems to be advantageous. In order to limit the
complexity, the focus in this section is limited to comparing only the three main
strategies.
4.1 Effects of choosing the individual strategies
The three defined main strategies hold both a set of advantages and drawbacks
when compared to each other. Based on literature and the experience of the
authors from studying the mentioned cases and others, six dimensions for
comparison have been deduced. The dimensions are not complete, but represent
some of the most important aspects. Using these dimensions, the three strategies
are compared in Table 2. Subsequently the arguments for this evaluation are
provided.
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Relative benefits (+) and drawbacks (-) S1 S2 S3
1 Evaluation of gathered product information before implementation + + -
2 Ease of altering implemented product information + + -
3 Minimal use of resources on documentation work - - +
4 Facilitation of the communication between product and
configurator software experts
+ - -
5 Few handovers of information, i.e. less chance of
misunderstandings and errors
- + +
6 Instant implementation of gathered information, i.e. faster process - + +
Table 2. Comparison of strategies.
As seen in Table 2, the first dimension, evaluation of gathered product information
before implementation, is considered to be an advantage of strategies 1 and 2,
while being a drawback of strategy 3. This is because the strategies 1 and 2 in
contrast to strategy 3 imply the creation of conceptual models, which can be
evaluated before implementation. Obviously, being able to evaluate what should be
implemented before it is done, can ensure that many misunderstandings between
product experts and configurator software experts are discovered and corrected,
and thus the later tests of the configurator become less error-prone. This is often a
very important aspect, because if the future users during the tests of a configurator
are exposed to numerous errors, this may destroy their trust and their motivation
of using the configurator. Another problem of not making conceptual models
before implementing information in a configurator is that it easily becomes difficult
to overview what information the configurator software experts have been given,
especially when dealing with large models. Thus, communication may become
inefficient and misunderstandings occur.
In the second dimension, ease of altering implemented product information
models, the strategies 1 and 2 have an advantage, while strategy 3 has a drawback.
The problems of not having external descriptions of the implemented information
emerge when a configurator needs to be changed or updated. Typically, the
persons implementing the product information are not experts in the product, for
which reason the product experts have to provide the information needed when a
configurator does not behave correctly. Having an external model of what is
implemented, which is made in a language that the product experts understand,
means that the product experts can point out which rules are incorrect and how
they should be altered. However, if external documentation does not exist and the
product experts do not understand the modelling environment of configurators,
product experts cannot point out directly what should be altered, but have to base
their comments on tests of the configurator. Thus, the configurator software
experts must try to deduce what is incorrect based on such feedback from the
product experts. Obviously, this can be a rather troublesome process, for which
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reason many of the companies using large configurators use great resources on the
creation of external documentation (Edwards, 2005; Hvam et al., 2008).
Strategy 3 holds an advantage over strategies 1 and 2 in the third dimension,
minimal use of resources on documentation work. Thus, from a cost-benefit
perspective, the choice comes down to an evaluation of the costs of creating
external documentation compared to the benefits of having this external
documentation.
The fourth dimension, facilitation of the communication between product
experts and configurator software experts, is considered to be an advantage of
strategy 1, while being a drawback of strategies 2 and 3. Compared to strategies 2
and 3, strategy 1 implies the inclusion of a person responsible for collecting and
structuring the information from the product experts before this is handed over to
the configurator software experts. The advantages of having a person between the
product experts and the configurator software experts are that the configurator
software experts can focus only on software implementation, there is a clear
demarcation of responsibilities, and the persons that represent product expert
expertise (i.e. the knowledge representation expert) can be chosen based on their
product understanding rather than IT skills. Concerning the latter advantage, i.e.
having separate experts for handling the representation of product expert expertise
and for implementing these representations in a configurator, yet an issue should
be considered. In many of the cases studied at the Centre for Product Modelling at
the Technical University of Denmark, the project of representing product expert
expertise was linked with a task of optimising the product assortment, before
implementation of product information in the configurator. Thus, the knowledge
representation expert also needs an understanding of how to optimise engineered
product designs, which typically is not a type of expertise that a software expert
possesses.
The fifth and sixth dimension, few handovers of information and instant
implementation of gathered information, are considered advantages of strategies 2
and 3 compared to strategy 1. These advantages both relate to the fact that the
persons implementing the product information are also the persons who
communicate with the product experts, for which reason a handover of
information can be avoided and the implementation be initiated sooner.
4.2 Case characteristics promoting different strategies
As mentioned, strategy 1 has a main advantage over the two other main strategies
in the facilitation of the communication between product experts and configurator
software experts. In general, this advantage point becomes greater, the more
complex the case gets, since product complexity calls for persons that: are skilled
at understanding the products in focus, can make product experts agree on the
product information to implement, and can represent product information in a
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manner that is understandable to product experts. As mentioned, it may be difficult
to find persons with all these skills, while also being an expert in the configurator
software. However, this is not to say that it is not possible, in fact this was to a
great extent the case in the companies in which strategy 2 had been applied. The
choice of strategy in these cases may partly be explained by the fact that the tasks
of creating conceptual models and implementing these in the configurator software
were handled by internal personnel instead of consultants, i.e. much time had been
given for getting acquainted with the products in focus and the selected
configurator software. On the other hand, the companies that used strategy 3,
when their configurators had grown in complexity, all of them had experienced
problems related to getting an overview of what had been implemented in the
configurator and in the communication with product experts. Although strategy 3
represents a way of minimising the use of resources and shortening the duration of
the configurator project, much indicates that such benefits are not achieved if the
product is of some complexity. In fact the opposite may be the case, since much
time must be used on continuously modifying the configurator to correct
misunderstandings and adapt the configurator to a behaviour on which the product
experts can agree (Edwards et al., 2005; Hvam et al., 2008; Haug and Hvam,
2007c). In worst case such problems may lead to projects being abandoned. Thus,
based on the cases studied, it seems that strategy 3 is best suited in projects of little
product complexity.
In summation, in cases of simple products, the use of strategy 3 may shorten the
project duration and minimise the resource consumption, but it may turn out to be
a dangerous path if the complexity of the product information is high. In such
cases, much indicates that strategies 1 and 2 are more appropriate. The choice
between strategies 1 and 2 comes down to: (1) if single persons with the adequate
product understanding, knowledge representation skills and software expertise can
be found; (2) if a clear demarcation between the persons responsible for
conceptual modelling and configurator development is desired; and (3) if less
information handovers and shorter projects is found to be important.
Another issue to consider is that it may be beneficial to combine different
strategies during a project. One pattern seen in some of the cases in focus and in
other cases studied is that projects starts with strategy 1, and after testing the first
real model changes to strategy 2 or 3 to get the last minor changes in place faster.
During the maintenance phase, all the strategies 1, 2, 3 or 4 have been applied in
the cases in focus and in other cases studied. However, as mentioned, it seems that
the companies with the products of the highest complexity are dependent of
external documentation in order to be able to further develop their configurators,
for which reason in particular strategy 1 or 4 is chosen, sometimes in combination
with strategy 2.
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5 Conclusions
This paper defined seven distinct strategies for the development of product
configurators. The strategies were defined based on a discussion of literature,
earlier documented case studies, and the experience of the authors. The strategies
were defined by using some basic characteristics that defines configurator
development projects. The task of developing product configurators was divided
into: retrieval of relevant product information, representation of relevant product
information, and implementation of defined product information. The relevant
experts were divided into: product experts, knowledge representation experts, and
configurator software experts. In the seven named cases, three strategies for the
development of product configurators had mainly been applied. The remaining
four strategies are characterised by: being applied mostly in the maintenance phase,
being at a somewhat experimental stage at the moment, or being merely
hypothetical.
The three main strategies combine the defined tasks and experts in different
ways. Strategy 1 includes two separate experts for representing the expertise of
the product experts in conceptual models and for implementing the conceptual
models in the configurator software. In strategy 2 the same persons make the
conceptual models and implement these in the configurator. In strategy 3 the
information from the product experts are implemented directly without external
documentation. The three strategies had each been the main applied strategy in
two to four of the named cases (in two cases there had been two main strategies).
Thus, there is empirical evidence that these strategies are actually being applied in
practice.
The three main strategies were compared concerning strengths and weaknesses
and discussed in relation to selecting the right strategy for a specific case. It is
argued that strategy 1 is the most suitable for cases of high complexity, while
strategy 3 could be problematic in such cases, because it does not include
conceptual models that allow product experts to discuss what should be
implemented in the configurator. On the other hand, strategy 3 may reduce time
and resources needed for developing the configurator, although there is a great
risk that it ends up being more costly if problems emerge. Strategy 2 may also be
applicable in cases of high product complexity, but may pose a challenge in finding
persons that are adequately competent in product design, knowledge
representation and configurator software at the same time.
In summation, this paper has provided an important contribution to product
configuration literature by clarifying what are the different development strategies
and which advantages and drawbacks they hold.
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Real-Life Evaluation of Configuration
Systems for Mass Customization
Wolfgang Frühwirt
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Case presented in the conference by Clarissa Streichsbier with a different title and a
focus on identification of de-facto standards for configurators.
Abstract. Converting browsers into buyers and buyers into regular customers calls for
web-based configurators that give customers an engaging and uncomplicated
experience. Understanding what customers actually experience during the configuration
process and pinpointing those elements with the largest impact on overall satisfaction is
crucial for improving a configurator’s conversion and customer retention rates. Without
reliable, interpretable data from real people interacting with the configurator, it is
impossible to shed light on the strengths and weaknesses of the customer experience.
cyLEDGE’s research methodology is based upon a variety of tried and tested analytical
instruments for quantifying and analyzing an organization’s online configurator. It's a
methodology providing a window into all aspects of the configurator experience from a
customer's point of view.
This paper explains the cyLEDGE methodology in detail, its differences to conventional
online research offerings (website domain), and the specific methodological concerns it
addresses.
Keywords. configuration system, mass customization, evaluation, user perspective.
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Why is measurement of customer experience critical?
It has become commonplace for companies to track customer behavior and
evaluate the online experience from a customer's point of view as a way of
improving configurator performance increasingly means. However, as a basis for
strategic business decisions, dry information in the form of clickthrough data and
log file metrics is usually too thin. Going beyond number-crunching at the level of
the system to a genuine understanding of the customer’s point of view calls for
more sensitive methods. Unless a company can come to grips with what its
customers are actually seeing, feeling and doing, it is unlikely to set the right
priorities and succeed in lifting sales and customer retention rates.
Figure 1. Customer Experience.
From start to finish, cyLEDGE's methodology covers all facets of the customer
experience. Customers’ expectations and interactions shape the customer
experience, which determines overall impact and sets the priorities for continuous
customer relationship management and improvement (see figure 1).
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Measuring Customer Experience
Customer experience on the web is difficult to foresee without reliable, relevant
interpretable data. Prior expectations, spontaneous feelings, habits of behavior as
well as personal history and social background are only some of the factors
determining what a customer is likely to experience during her interaction with a
configurator. The sheer weight of statistical data counts for little when it comes to
lifting the lid off customers' hearts and minds and understanding how they perceive
and interpret a given system.
Only when numerical data is combined with behavioral observation and subjective
insight can web researchers understand, for example, whether a given time-span a
customer spent using a configurator is a result of interest or confusion. Getting
customers to test-run the actual configurator and combining data in several
different dimensions is essential groundwork for gaining insight into the customer's
actual experience, making sense of complex behavior-patterns and identifying
potential improvements.
Masterminding the Customer Experience
cyLEDGE research and evaluation methodology provides windows into all aspects
of the customer experience. It's an approach that combines both quantitative and
qualitative strands of market research with usability testing techniques to draw as
accurate as possible a representation of customer's real-life experiences. Specific
design features, configurator functions, as well as the wider, often unconscious
messages conveyed by the configurator can be weighted in their impact on, for
example, facility of use, sales, brand perception, or customer loyalty.
By taking different viewpoints into consideration and synthesizing all relevant
angles into a coherent overall picture, decision-makers are better able to set clear
priorities and master-mind the customer experience. How was overall customer
experience changed after a configurator redesign? Do designers need to focus on
specific features and functions or is it the wider brand strategy that needs more
attention? With limited time and resources, knowledge what matters most from a
customer's point of view becomes indispensable.
Further business strategy issues may include:
· How does user experience of the configurator compare with competitors’
solutions?
· After interacting with the configurator, are users likely to come back? Why
or why not?
· Is the actual customer experience consistent with brand positioning? Is it
consistent with the offline brand?
· What features are users expecting from configurators that aren't yet offered?
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· Are particular types of users (e.g., novice users, power users) reacting
differently to the configurator? What special needs do particular groups
have?
Data for design decisions
As well as addressing and analyzing the customer experience at a broad, strategic
level, cyLEDGE's methodology also offers the flexibility to address a range of
specific design concerns. The efficacy of many design changes can be lifted
dramatically by testing them experimentally beforehand. In other cases, core
configurator functionalities need to be re-evaluated after design changes. Further
design concerns may include any of the following:
· Do users notice and make use of particular features?
· What demands does the configurator make on users' time? How efficient is
it?
· Why and at what point do specific users fail or give up?
· How easily can users perform core tasks, such as registering and saving?
· Does navigation facilitate core tasks? What dead-ends do they encounter?
Where do they get lost?
· Are users getting the right kind of information in the right quantities?
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The cyLEDGE approach to measuring customer
experience
cyLEDGE offers a range of tools for examining configurator quality from a user's
point of view. Tried and tested analytical instruments such as ‘ConfiuRating’
deliver clear results and allow us to establish an objective basis for optimizing your
configurator.
Types of evaluation methods
The literature in this area identifies two main types of evaluation methods:
attribute-specific and event-specific methods. Attribute-specific methods are based
on the assumption that the overall quality of an object can be decomposed into
several single attributes, whose quality can be evaluated separately. By contrast,
event-specific quality assessment of internet applications assumes that web-based
interactions consist of a number of processes, sub-processes and events that
influence customers’ quality perceptions.
Thus, event-specific evaluation methods are process-oriented and are generally an
appropriate supplement to attribute-oriented methods (Totz, Riemer, 2001). By
combining both approaches, the cyLEDGE evaluation methodology facilitates an
integrated assessment of a configurator's quality and general condition.
Evaluation instruments in use
Whereas countless evaluation instruments exist in the domain of website
evaluation, ConfiguRating is the only instrument for standardized evaluation and
assessment of configurators on the market today. This instrument has been
developed by Wolfgang Frühwirt, a cyLEDGE managing partner.
As ConfiguRating is an attribute-specific measuring instrument, it should ideally be
supplemented by event-specific evaluation methods (see discussion above).
Fortunately, a wide range of instruments that were originally developed for an
event-specific evaluation of websites are equally useful for evaluating
configurators.
Real-Life Evaluation of Configuration Systems for Mass Customization
Submitted to 5th World Conference on Mass Customization & Personalization MCPC2009 6
According to stage of development, type and operational context of a configurator
cyLEDGE combines all kinds of instruments as appropriate:
· Cognitive walkthrough
· Heuristic evaluation
· Thinking-aloud protocol
· Co-discovery method
· Critical-incident technique
· Question asking protocol
· Eye-Tracking
· Wording test
· ConfiguRating
Real-Life Evaluation of Configuration Systems for Mass Customization
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ConfiguRating
As the only attribute-specific instrument available for evaluating configurators,
ConfiguRating will here be described in depth. It offers a set of relevant criteria by
which configurators can effectively and efficiently assessed and benchmarked. In
doing so, ConfiguRating places a strong emphasis on the real-life experience of
real people interacting with a configurator.
Areas of application:
· Identification of flaws and their effect on overall quality
· Competitor review and identification of best practices
· Support during development of new solutions
· Quality comparisons before and after an overhaul
Quality Ratings
ConfiguRating works by asking test-users to rate configurator quality in 22
different areas, using the same 11-point scale throughout.  These 22 quality
attributes have been empirically developed and refined in eight steps:
Generation of attributes:
· Quality Workshop (n = 6)
· User Experiment (n = 16)
· Expert survey (n = 4)
Assessment and selection of attributes:
· Method similar to the Delphi Method (3 experts)
Classification of attributes:
· Workshop based on Bossert’s (Bossert, 1991) recommendations (n = 8)
Refinement of attributes:
· Attribute labeling I (4 experts)
· Attribute labeling II (n = 20)
· Attribute labeling III (n = 10)
Real-Life Evaluation of Configuration Systems for Mass Customization
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Figure 2. Example of results obtained for a single configurator.
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Figure 3. Example of results for a comparison between two configurators.
Real-Life Evaluation of Configuration Systems for Mass Customization
Submitted to 5th World Conference on Mass Customization & Personalization MCPC2009 9
Importance ratings
The literature on configurator evaluation clearly suggests that not all criteria are
likely to be equally important. Consequently ConfiguRating must also account for
users’ perceptions of the relative importance of different criteria. Without means
for weighting the overall picture remains unclear, since only a customers’
satisfaction with specific aspects of a configurator can be determined. Neither
overall quality, nor the importances of individual aspects are fully revealed.
A welcome by-product of the importance ratings is that users' priorities are
revealed, answering the question as to which attributes are considered most/least
important, as well as their importance relative to each other. But weighting also
merits attention in another context: Since ConfiguRating is intended to be easily
adaptable to diverse industries, attribute relevance weighting allows adjustments to
be made for the specific industry context of any configurator.
Given the importance of weighting evaluation criteria by relative importance, how
does ConfiguRating actually achieve this? There are direct methods (such as the
conventional point-scale or constant sum scale) and indirect methods (such as
conjoint analysis). Conventional point-scales are afflicted with the problem of
inflation of demand: since test subjects rate the importance of each attribute
separately and independently without having to set priorities, it is likely that they
consider them all to be equally important. The advantage of the conjoint analysis
and constant sum scale is that they prevent respondents from simply scoring
everything as equally important [67]. But a conjoint analysis only allows for a
small number of attributes and therefore is not suitable for the pruposes of
ConfiguRating. Instead, we utilize the Constant-Sum-Approach [68], which is
based on constant sum scales. Benefits arise due to a forced-choice-format despite
the high number of attributes.
Weighted additive Index
By including ratings and weights, the overall configurator quality can be
calculated. We use an index based on customer perceptions of quality, weighted by
importance. Each respondent’s configuration system rating on a particular
question is multiplied by the importance attached to it. By adding all intermediary
results, the overall evaluation is determined.
Real-Life Evaluation of Configuration Systems for Mass Customization
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Configurator Quality Index
ConfiguRating can either be used for benchmarking among several configurators
or for stand-alone benchmarking of a single configurator.
One way to obtain an overall benchmark for a single configurator is to index the
configurator's total weighted score against the total possible score. The highest
possible score that a configurator can achieve is the total sum of all importance
ratings (i.e. 100) multiplied by 10 (the maximum rating attainable). Dividing the
weighted score by the maximum score (i.e. 1000) gives the Configurator Quality
Index (TQI).
Categories, Sub-categories,
Single criteria
Weights
(mean)
Rating
(0 to 10)
Weighted
Rating
Product information 10 4 40
   Product information - Text 5 5 25
     Completeness 5 8 40
     Clarity of language 3 2 6
     Relevance 5 8 40
… … …
SUM
TQI
345
0.345
Table 1. Illustration of the calculation of the TQI .
The sample configurator from Table 1 achieves a score of 345 out of 1000
maximum possible, giving it a TQI of 0.345 or 34.5%.
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Strategy consultancy
The generated data can also aid in making strategic decisions. Recommendations
for improvement can be derived by comparing the average importance rating for a
category, sub-category, or single criterion with the individual configurator’s
average quality (performance).
The importance/ performance matrix of results shows both users' expectations and
the extent to which a company’s configurator meets them. In addition, several
companies can also be incorporated in a single matrix.
Figure 4. Example of an importance/performance matrix.
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On the basis of such results, a company can determine best practices, position itself
in the market and further its understanding of the industry climate, as shown in the
following table:
Strategy Results
Strategic overkill Entries in the upper left field indicate (very) good
results in a (rather) unimportant category. Available
resources are possibly not being applied effectively.
Strategic Effectiveness Entries in the upper right field indicate (very) good
results in a (very) important category. Therefore
strategies should be maintained.
Strategic Obsolescence Entries in the lower left field indicate (very) poor
results in (rather) unimportant categories. This area
should not be prioritized.
Strategic Ineffectiveness Entries in the lower right field indicate (very) poor
results in (very) important categories. Resources
should primarily be invested in this area.
Table 2. Strategy guidelines.
Research design
Comparison of multiple configurators
We recommend using the same test-subjects throughout when comparing a
company’s configurator to its competitors’ within a specific industry – each test
user thus completes the same tasks for each of the compared configurators. This is
known as ‘within-subjects’ research design, as opposed to a ‘between-subjects’
design, where each site is evaluated with a different group of people. For the
purposes of configurator evaluation, within-subjects research design offers a
number of advantages.
First, as test-users are confronted with several offerings, they will have broad
knowledge of the possibilities in configurator design before they rate a
configurator and weight the importance of the evaluation criteria. This is crucial,
since satisfaction with a configurator is a function of percieved quality in relation
to expected quality. While practical experience with websites is widespread, we
cannot assume that individuals have already interacted with configurators. Thus,
without prior experiences as a basis for comparison they may too easily declare
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themselves satisfied. Confronting participants with a number of configurators
equalizes different experience levels and ensures all contestants have roughly
similar knowledge about possibilities.
Second, error variance due to individual differences is eliminated when each
participant evaluates every configurator. Reduced error variance means that even a
small sample size is likely to detect statistically significant differences between the
configurators.
Third, as within-subject research design enables respondents to benchmark
configurators against each other, the data gathered contains a strong element of
competitive analysis (Shchiglik, Barnes, 2004).
Nonetheless, certain methodological precautions need to be taken when comparing
multiple websites in a within-subjects research design. First, since participants have
to test and evaluate each configurator, the number of configurators in the survey
has to be limited. The time necessary to complete the configuration tasks and
questionnaire should be kept at a reasonable level. We therefore recommend
evaluating no more than three configurators at a time. Second, learning effects,
also known as order bias, occur when respondents learn to do tasks better with the
second or third configurator, thereby distorting their actual qualities. The statistical
impacts of these learning effects should be eliminated by randomizing the order of
the configurators.
Comparison of different versions of the same configurator
Configurators can also be compared before and after design changes to ensure that
changes produce the intended improvements in customer satisfaction.
Alternatively, two or more different versions can be compared simultaneously. For
example, a company may want to compare the quality of several (different)
prototypes.
Participants
Which participants should be used as subjects in a ConfiguRating survey? The
most obvious solution would be to prompt real-life users who have just completed
a design process on a specific configurator with an online questionnaire (e.g. via a
pop-up window). However, Franke and Piller (Franke, Piller, 2003) argue that
response rates for this method are usually very low, which might result in serious
biases. Moreover, the approach cannot be used in a within-subjects survey because
participants must test and evaluate more than one configurator. We therefore
recommend applying ConfiguRating in a controlled, experimental situation.
Task
If the sample consists of random participants (e.g. people invited using a mall-
intercept method) without genuine buying interest, it is of utmost importance to
ensure a deep level of commitment to the configurator's evaluation. This can be
attained by asking test persons to deliver information on the customized product
(e.g. price, delivery cost, etc.). To speak in the terminology of Spool (Spool et al
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1999), if a respondent is asked to determine specific "facts", it is more likely that
she will engage in the process. Thus, we recommend setting a concrete task to
obtain a more natural and representative interaction between the user and the
configurator (Barnes, Vidgen 2002).
Equipment
To prevent biases caused by the use of unrealistically superior equipment, we
recommend using computers with different specifications, network connection
capabilities, internet browser versions, and screen resolutions. The research
settings should in every way be as natural and diversified as possible in order to
avoid inaccurate or distorted assessments of a configurator’s quality.
Real-Life Evaluation of Configuration Systems for Mass Customization
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Abstract. Open Innovation can be considered as an organizational innovation by which
companies seek to adapt to environmental changes. Successful Open Innovation also
depends on the open character of the business model. Therefore knowledge must be
applicable to different, new, and complex situations and contexts. It is against this
background that the concept of competency has attracted increased research attention.
An introduction to the concept of Multiple Competencies is presented and it is argued,
that the concept of Multiple Competencies is highly useful to develop a competency
model for Open Innovation. Also a framework is outlined.
Keywords. Open Innovation, Business Model, Competency, Core Competencies,
Multiple Intelligences, Multiple Competencies
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1. Introduction
More and more organizations are confronted with highly dynamic external
organizational environments. The drivers of change are globalization, sustainable
development, new technologies and the aging population. The pressure on
organizations forces them to continuously adapt to the environmental shifts
(Greenwood/Hinings, 1996), and to create organizational forms able to provide
faster and innovative response to market threats and opportunities (Coleman,
1999). As Schroer (2007) emphasized, innovation is a key-factor of business
success. But in “many organizations, especially those with a traditional approach,
innovation is often only seen as valid when it is completely ´homemade .´ This
traditional view of innovation – Closed Innovation - completely disregards the
growth market of demand-driven innovation” (Fredberg et al., 2008:5). Open
Innovation was first proposed by Chesbrough (2003). Three years later he defines
Open Innovation as
“the use of purposive inflows and outflows of knowledge to accelerate internal innovation,
and expand the markets for external use of innovation, respectively. Open Innovation is a
paradigm that assumes that firms can and should use external ideas as well as internal ideas,
and internal and external paths to market, as the firms look to advance their technology”
(Chesbrough, 2006:1).
This bidirectional relationship offers new ways to create value (Freund et al.,
2009). Alliances and Open Innovation systems might facilitate the diffusion of
knowledge over firms and within firms much better, adding to the chances of
recombining mature and emergent knowledge (Schoenmakers et al., 2008:23).
Piller/Walcher (2006) showed, that Open Innovation today has a much broader
application than first proposed by Chesbrough, e.g. von Hippel (2005) used the
term “Lead User Concept” or “User-Centred-Innovation”, Reichwald and Piller
(2009) the term “Interactive value chain”. Fredberg et al. (2008) give an overview
of the emerging research field of Open Innovation in a phase that is still very fluid.
There are many national/global (OECD, 2008:12-13) and regional (Wagner and
Ziltener, 2008) Open Innovation activities.
Open Innovation can be considered as an organizational innovation by which
companies seek to adapt to environmental changes. Successful Open Innovation
also depends on the open character of the business model. Therefore knowledge
must be applicable to different, new, and complex situations and contexts. It is
against this background that the concept of competency has attracted increased
research attention. Competencies are conceptualized as complex ability constructs
that are context-specific (Koeppen et al., 2008:61).  But dynamic shifts in the
environment quickly turn existing individual and organizational competencies
obsolete. To give up full control and ownership over increasing parts of the value
chain has implications for the conception of core competencies. According to
Christensen (2006:35-36) the questions is: What happens to the core competency
perspective in Open Innovation business models?
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2. Multiple Competencies
2.1 Competencies on individual and organization level
In this paper competency will be viewed in the context of companies - on
individual and organizational level. The Resource-Base-View/Competence-Based-
View (Selznick 1957/1997, Penrose 1959, Prahalad/Hamel 1990) sets usually on
core competencies of a company, which points at a rather static understanding of
the competency model. The path dependency theory describes this phenomenon,
which could slow down innovation (Nelson/Winter 1982, Hannan/Freeman 1984,
Leonard-Barton 1992, Miller 1994:345f., Helfat/Raubitschek 2000, Danneels
2002, Feldman/Pentland 2003:97, Schreyögg/Sydow/Koch 2003,
Schreyögg/Kliesch 2005:18). Various authors therefore support a rather dynamic
model of competencies on organizational level (Lei/Hitt/Bettis 1996,
Teece/Pisano/Shuen 1997:516, Dosi/Nelson/Winter 2000, Montealegre
2002:516f., Zollo/Winter 2002:340, Zott 2003, Grote/Kauffeld/Frieling 2006).
The competency discussion at the individual level, has a long history (White 1959,
Boyatzis 1982, Woodruffe 1991, Erpenbeck/Heyse 1999, Weinert 2001:62,
Kauffeld et al. 2002, Sternberg/Grigorenko 2003). In the framework of the leading
german project QUEM (2001-2006) the opinion of Erpenbeck/Heyse (1999) is
widely accepted, that competency is self organization disposition. This means that
“the individual  acts self-organized: (p) reflective considering his/her own person,
(a) more or less active, (f) technological-methodical concerning facts, (s) social
and communicative concerning others” (Erpenbeck/Scharnhorst, 2004). A
comprehensive presentation of the terminology applied in competence
management can be found in Freiling (2001), but the conclusion is not surprising:
there is no clear common definition of competencies (Schmiedinger et al.,
2005:165) and a synchronization between individual and organizational
competencies is missing (Figure 1).
Figure 1: Missing synchronization between individual and organizational
competencies (Reinhardt/North, 2003:1373)
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Grollmann (2005:3) points out that contributions that have been made within the
debate of Multiple Intelligences (Gardner 1983) seem promising to develop a
universal competence model.
2.2 Multiple intelligences
Since the beginning of the last century, psychologists have spoken about a single
intelligence that can be measured by an IQ test (Eysenck, 2004). Howard Gardner
however has defined 8 human intelligences (Gardner, 2004): Linguistic
Intelligence, Logical/Mathematical Intelligence, Musical Intelligence, Spatial
Intelligence, Bodily/Kinesthetic Intelligence, Naturalistic Intelligence,
Interpersonal Intelligence, Intrapersonal Intelligence
“I define an intelligence as a biological potential to process specific forms of information in
certain kinds of ways. Human beings have evolved diverse information-processing capabilities –
I term these ´intelligences´ – that allow them to solve problems or to fashion products. To be
considered ´intelligent´, these products and solutions must be valued in at least in one culture or
community” (Gardner, 2004:29-30).
Intelligences of
the symbol analyst
· Linguistic Intelligence
· Logical-mathematical Intelligence
“Noncanonical”
Intelligences
· Musical Intelligence
· Spatial Intelligence
· Bodily/Kinesthetic Intelligence
· Naturalistic Intelligence
Personal Intelligences · Interpersonal Intelligence
· Intrapersonal Intelligence
Table 1: Groups of Multiple Intelligences (Gardner, 2004)
In Table 1 intelligences of the symbol analyst refers to the traditional IQ and
personal intelligences to the concept of Emotional Intelligence (Salovey/Mayer
1990, Goleman 2006). Noncanonical intelligences complete Gardner´s Theory of
Multiple Intelligences. This theory with its application around the world
(Chen/Moran/Gardner, 2009) points per definition to problem solving capacities in
a complex environment: complex problem solving (CPS). CPS implies the efficient
“interaction between a solver and the situational requirements of the task, and
involves a solver's cognitive, emotional, personal, and social abilities and
knowledge” (Frensch/Funke, 1995:18). Furthermore Wenke/Frensch/Funke
(2005:173) summarize, that IQ does not seem to predict expertise or the
acquisition of complex explicit problem solving (CEPS) competence – but
Multiple Intelligences does. Funke/Frensch (2007:41): „On the whole, the
available evidence suggests that the global concepts of intelligence and problem
solving are not related, but that specific subcomponents of intelligence and explicit
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problem solving might share variance.” Ceci and his colleagues (Ceci/Liker, 1986a
and1986b, Ceci/Ruiz, 1992 and 1993) found out, that (cited in
Wenke/Frensch/Funke, 2005:173)
· intelligence always manifests itself as an interaction between underlying
intellectual abilities and experiences in particular domains, and is therefore
context/content dependent,
· multiple intelligences exists, and
· IQ test measure only a specific type of intelligence, namely one developed
in academic settings.
2.3 Multiple Competencies
Abilities can be conceptualized in terms of functionally integrated profiles of
intelligences (Connell/Sheridan/Gardner 2003:139) and competencies as realized
abilities in a specific domain, which can “involve any number of intelligences”
(Gardner 2006:31-32). Almost every occupation (… ) consists of a variety of
responsibilities that touch on several intelligences. Restated in another way,
various intelligences are required for each occupation.  What this means is that it is
important to develop and nurture all of these various intelligences (Morris 2007)
or more precisely: Multiple Competencies as realized abilities/intelligences in
special domains. As proposed by Rauner (2004) the framework of Multiple
Competencies on the individual level relates to eight competencies based on
multiple intelligences theory:
Competencies of  the symbol
analyst
· Linguistic competencies
· Logical-mathematical competencies
“Noncanonical” competencies · Musical competencies
· Spatial competencies
· Bodily/Kinesthetic competencies
· Naturalistic competencies
Personal competencies · Interpersonal competencies
· Intrapersonal competencies
Table 2: Multiple competencies
According to Aral and Van Alstyn (2007) “the rate of diversity among individuals
can be the primary source of novelty and diversity of information that are
aggregated and operationalized within the community, and finally one of the main
sources of competitive advantage created for the organization” (Cited in
DeMaggio/Gloor/Passiante, 2009:4). The diversity of  Multiple Competencies of
employees in organizations provides the framework for the concept of Multiple
Competencies on individual level, team level, organizational level and for
networks/communities (Freund, 2009).
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3. Multiple Competencies in Open Innovation
Business Model
Mass Customization Business Model is based on four levels: Differentiation level,
cost level, relationship level and a fixed solution space level (Piller/Stotko,
2003:61). The dominant competencies for mass customization identified through
the empirical study of the industry research group workshops are (Moser 2005:3):
Customer integration, Employment of product modularity, Application of product
configuration systems, Product variant management, Management of flexible
organization and processes, Process documentation and IT support. Moreira et al.
(2006:219-221) identified 14 coordination competencies needed in a Mass
Customization change process. The criticism of Blecker et al. (2005:31) is, that
basic conditions (e.g. “Customizability of products”) are often not clearly
distinguished from such competencies (e.g. “Process flexibility”). Salvador/Forza
(2005) identified in several competencies on individual level. Other authors
argued, that a competency model for mass customization should based on Multiple
Competencies (Freund 2004, Freund/Tsigkas 2007, Freund 2008). This concept
can be adopted to Open Innovation Business Model.
Typically, an innovation is generated by a combination of different
competencies (Ministry of Employment and the Economy 2009:4) – from the
authors point of view, it’s a combination of individual/organizational Multiple
Competencies of the company and individual/organizational multiple competencies
of customers and network partners. Traditional economic theories are based on
logical-mathematical dimensions and did not take into account individual feelings,
impressions etc. (Akerlof/Shiller, 2009:1). The concept of Multiple Competencies
integrates these aspects of the value chain.
Context: Company
Product/Service
(Complex Explicit
Problem Solving)
Context: Customer
Linguistic competencies Contract Linguistic competencies
Logical-mathematical
competencies
Price Logical-mathematical
competencies
Musical competencies Sound Musical competencies
Spatial competencies Design Spatial competencies
Bodily-Kinesthetic
competencies
? Bodily/Kinesthetic
competencies
Naturalistic competencies ? Naturalistic competencies
Interpersonal competencies ? Interpersonal competencies
Intrapersonal competencies ? Intrapersonal competencies
Table 3: Customer interaction from the Multiple Competencies point of view
Table 3 demonstrates an interaction between a company and a customer from the
Multiple Competencies point of view (adapted from Martin, 2001:288 and Martin
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2006). In Open Innovation Business Model organizations can enhance customer
Multiple Competencies through active collaboration with its customer, e.g. in
development and testing of new products, obtaining high-quality customer
feedback and working with a ‘user tool kit’ (Lokshin et al., 2008:6). This
organizational weaving (Spanos/Prastacos, 2004) is influenced by Multiple
Competencies of the actors. Developer of User Tool Kits should consider the
dimensions of Multiple Competencies, because the rate of diversity among
community members can be the primary source for innovation (Aral and Van
Alstyn, 2007). Community diversity should be attributed to differences in Multiple
Competencies that community members presents (Wenger et al., 2002). In Open
Innovation Business Model community members can be seen as members of a
Collaborative Innovation Network (DeMaggio et al., 2009).
Figure 2: Community Sociogram (Month 13). An example of organizational
dynamics in a low density month (the COIN members are highlited in central
circles in the network  (DeMaggio et al., 2009:14)
COIN (Collaborative Innovation Network) members (Figure 2) with their Multiple
Competencies Profiles can be the starting point (bottom-up) to develop a dynamic
competency model which synchronizes individual and organizational competencies
in Open Innovation Business Model.
4. Conclusion and Future Research
The concept of Multiple Competencies unifies elements of various approaches to
competence management and gives them a practical framework of action. It can be
applied for Open Innovation Business Model (incl. User Tool Kits) by using
Multiple Competencies profiles of COIN members as a starting point. The
challenge for a future research in competence management for Open innovation
Business Model will be to augment such a model with applicative methods, to
ensure a practical benefit.
Robert Freund: Multiple Competencies in Open Innovation Business Model
Submitted to 5th World Conference on Mass Customization & Personalization MCPC2009 8
References
Akerlof, G. A., Shiller, R. J. (2009). Animal Spirits: How Human Psychology Drives the
Economy, and Why It Matters for Global Capitalism.
Aral, S., Van Alstyne, M. (2007). ”Network Structure & Information Advantage”, Proceedings
of
the Academy of Management Conference, Philadelphia, PA.
Blecker, T., Friedrich, G., Kaluza, B., Abdelkafi, N., Kreutler, G. (2005). Information and
Management Systems for Product Customization, New York.
Boyatzis, R. (1982). The competent manager – A model for effective performance. New York.
John Wiley & Sons.
Ceci, S. J., Liker, J. K. (1986a). “A day at the races: A study of IQ, expertise and cognitive
complexity”, Journal of Experimental Psychology: General, 115, 255-266.
Ceci, S. J., Liker, J. K. (1986b). “Academic and nonacademic intelligence: An  experimental
separation” in Sternberg, R. J. & Wagner, K. (Eds.) Practical Intelligence, 119-142.
Cambridge University Press.
Ceci, S. J., Ruiz, A. (1992). “The role of general ability in cognitive complexity: A case study of
expertise” in Hoffmann, R. R. (Ed.) The psychology of expertise: Cognitive research and
empirical AI, 218-230.
Ceci, S. J., Ruiz, A. (1993). Transfer, abstractness, and intelligence” in  Dettermann, D. K.;
Sternberg, R. J. (Eds.) Transfer on trial: Intelligence, cognition, and instruction, 168-191.
Chen, J-Q., Moran, S., Gardner, H. (2009) (Eds.). Multiple Intelligences Around the World.
Chesbrough, H. W. (2003). Open Innovation. Boston, Massachusetts: Harvard Business School
Press.
Chesbrough, H. W. (2006). “New puzzles and new findings” in Chesbrough, H. W.,
Vanhaverbeke, W., West, J. (Eds.) Open innovation: Researching a new paradigm, 15-33.
Oxford: Oxford University Press.
Christensen, J. F. (2006). “Whither Core Competency for the Large Corporation in an Open
Innovation World”, in Chesbrough, H., Vanhaverbeke, W., West, J. (Eds.) Open Innovation:
Researching a New Paradigm, 35-61, Oxford University Press.
Coleman, H.J.Jr. (1999). “What Enables Self-Organizing Behavior in Businesses”, Emergence,
1,
33 – 47.
Connell, M. W., Sheridan, K., Gardner, H. (2003). “On abilities and domains”, in Sternberg, R.
J.,
Grigorenko, E. L. (Eds.) The psychology of abilities, competencies, and expertise, 126–155.
Cambridge, MA: Cambridge University Press.
Danneels, E. (2002). “The Dynamics of Product Innovation and Firm Competencies”, Strategic
Management Journal, Vol. 23, pp. 1095-1121.
De Maggio, M., Gloor, P., Passiante, G. (2009). “Collaborative Innovation Networks, Virtual
Communities, and Geographical Clustering”, International Journal of Innovation and
Regional Development, vol 1 no. 4, 387 – 404.
Dosi, G., Nelson, R. R., Winter, S. G. (2000). “Introduction: The Nature and
Dynamics of Organizational Capabilities”, in Dosi, G., Nelson, R. R., Winter, S. G. (Eds.)
The
Nature and Dynamics of Organizational Capabilities, 1-22, Oxford.
Erpenbeck, J.; Heyse, V. (1999). Kompetenzbiographie – Kompetenzmilieu –
Kompetenztransfer.
Erpenbeck, J.; Scharnhorst, A. (2004). “Models of competencies in the light of self-
organization”,
Robert Freund: Multiple Competencies in Open Innovation Business Model
Submitted to 5th World Conference on Mass Customization & Personalization MCPC2009 9
Proceedings of 12. HERBSTAKADEMIE, Friedrich-Schiller-Universität, Jena, Germany, 4.-
6. Oktober 2004. Retrieved from
http://www.virtualknowledgestudio.nl/staff/andrea-scharnhorst/documents/models-of-
competencies.pdf [30.08.2009]
Fredberg, T., Elmquist, M., Ollila, S. (2008). Managing Open Innovation – Presents findings
and
future directions. Retrieved from
http://www.vinnova.se/upload/EPiStorePDF/vr-08-02.pdf [30.08.2009]
Freiling, J. (2001). Resource-based view und ökonomische Theorie. Deutscher
Universitäts-Verlag, Wiesbaden.
Frensch, P. A.; Funke, J. (1995). „Definitions, Traditions, and a General Framework
for Understanding Complex Problem Solving”, in Frensch, P. A., Funke, J. (Eds.) (1995)
Complex Problem Solving. The European Perspective, 3-23.
Freund, R. (2004). “Mass Customization and Multiple Intelligence”, Proceedings MCPCE2004,
Rzeszow, Poland
Freund, R. (2008). “Mass Customization, Personalization and Contextualized Multiple
Competencies”, Proceedings 3rd International Conference on Mass Customization and Open
Innovation, 03.-06. June 2008, Palic and Novi Sad, Serbia.
Freund, R. (2009): Das Konzept der Multiplen Kompetenz auf den Analyseebenen Individuum,
Gruppe, Organisation und Netzwerk, PhD thesis (in progress)
Freund, R., Chatzopulous, C., Tsigkas, A., Anisic, Z. (2009). “Open Innovation for
Entrepreneurs in Central European Region“, Proceedings ICEIRD 2009, 2nd International
Conference on Entrepreneurship, Innovation and Regional Development, 24-25.04.2009,
Thessaloniki, Greece.
Freund, R., Tsigkas, A. (2007). „How to improve customer interaction with the concept of
multiple competencies”, Proceedings MCPC2007, Cambridge, USA.
Funke, J., Frensch, P. A. (2007). „Complex Problem Solving: The European Perspective – Ten
Years After”, in Jonassen, D. H. (Ed.) Learning to solve complex scientific problems, New
York: Lawrence Erlbaum, 25-47. Retrieved from
http://archiv.ub.uni-
heidelberg.de/volltextserver/volltexte/2008/8262/pdf/FunkeFrensch_2007_Chap2_1.pdf
[30.08.2009]
Gardner, H. (1983): Theory of the mind.
Gardner, H. (2004): Changing Minds.
Goleman, D. (2006): Social Intelligence.
Greenwood, R., Hinings, C. R. (1996). “Understanding Radical Organizational Change:
Bringing
Together the Old and the New Institutionalism”, Academy of Management Review, 21
October, 1022 – 1054.
Grollmann, P. (2005). „Zur Konstruktion von Qualifikationsrahmen“, in BIBB-Workshop, Bonn,
16.11.2005. Retrieved from
http://www.itb.uni-bremen.de/downloads/Forschung/FragenWS2ITB.pdf [30.08.2009]
Grote, S., Kauffeld, S., Frieling, E. (Eds.) (2006): Kompetenzmanagement. Stuttgart:
Schäffer-Poeschel.
Hannan, M. T., Freeman, J. (1984). “Structural Inertia and Organizational Change”, American
Sociological Review, Vol. 49, 149-164.
Helfat, C. E., Raubitschek, R. S. (2000). „Product Sequencing: Co-evolution of  Knowledge,
Capabilities and Products”, Strategic Management Journal, Vol. 21, 961-979.
Kauffeld, S., Grote, S., Frieling, E. (2002). „Soziale, personale, methodische oder fachliche:
Welche Kompetenzen zählen bei der Bewältigung von Optimierungsaufgaben in
betrieblichen Gruppen“, Zeitschrift der Psychologie, 210 (4), 197-208.
Koeppen, K., Hartig, J., Klieme, E., Leutner, D. (2008). „Current Issues in Competence
Modeling
and Assessment“, Zeitschrift für Psychologie, Vol. 216 (2), 61-73.
Lei, D., Hitt, M. A., Bettis, R. (1996). „Dynamic Core Competencies through Meta-Learning and
Robert Freund: Multiple Competencies in Open Innovation Business Model
Submitted to 5th World Conference on Mass Customization & Personalization MCPC2009 10
Strategic Context”, Journal of Management, vol. 22, 549-569.
Leonard-Barton, D. (1992). “Core Capabilities und Core Rigidity: A Paradox in Managing New
Product Development”, Strategic Management Journal, vol. 13, 111-126.
Lokshin, B., van Gils, A., Bauer, E. (2008). Crafting Firm Competencies to Improve Innovative
Performance.
Martin, J. (2001). Erfolgreiches Personalmanagement nach dem Modell der  vielfachen
Intelligenz. Nürnberg.
Martin (2006). “Multiple intelligence theory, knowledge identification and trust”, Knowledge
Management Research & Practice, Vol. 4, 207–215.
Miller, D. (1994). “What Happens after Success: The Perils of Excellence”, Journal of
Management Studies, Vol. 31, 1994, 325-358.
Ministry of Employment and the Economy (2009). Governments communication on Finland´s
national innovation strategy to the parliament. Retrieved from
http://www.tem.fi/files/21010/National_Innovation_Strategy_March_2009.pdf  [30.08.2009]
Montealegre, R. (2002). “A Process Model of Capability Development: Lessons from the
Electronic commerce Strategy at Bolsa de Valores de Guayaquil”, Organization Science, Vol.
13, 514-531.
Moreira M. P., Riadh, A., D’Amours, S., Beauregard R. (2007). „Business Model Change
towards
Mass Customization: A Competence-Based Management Approach”, Proceedings of the
Joint Conference IMCM’07 & PETO’07, June 21-22, 2007, Hamburg, Germany.
Morris, C. (2007): Profiting from a Multiple Intelligences Perspective. Retrieved from
http://www.igs.net/~cmorris/smo_comments.html [30.08.2009]
Moser, K. (2005). “Dominant Competencies for Mass Customization”, Proceedings of the 3rd
Interdisciplinary Worldcongress on Mass Customization and Personalization MCPC 2005,
Hong Kong, China.
Nelson, R., Winter, S. (1982). An evolutionary theory of economic change. Harvard University
Press.
OECD (2008). Open Innovation in Global Networks.
QUEM (2001-2006). Arbeitsgemeinschaft betriebliche Weiterbildungsforschung. Retrieved from
http://www.abwf.de/main/home/frame_html.html [30.08.2009]
Piller, F., Stotko, C. (2003). Mass Customization und Kundenintegration, Düsseldorf.
Piller, F.,Walcher, D. (2006). “Toolkits for idea competitions: a novel method to integrate users
in
new product development”, R & D Management, 36(3): 307-318.
Penrose, E. (1959): The Theory of the Growth of the Firm. Oxford.
Reichwald, R., Piller, F. T. (2009): Interaktive Wertschöpfung.
Reinhardt, K.,  North, K. (2003). “Transparency and Transfer of Individual Competencies A
Concept of Integrative Competence Management”, Journal of Universal Computer Science,
Vol. 9 (12), 1372-1380
Prahalad, C. K., Hamel, G. (1990). “The Core Competence of the Corporation”, Harvard
Business
Review, Vol. 68 (3), 79-91.
Rauner, F. (2004). „Praktisches Wissen und berufliche Handlungskompetenz“,
Forschungsbericht
FB 14 der Universität Bremen, Germany. Retrieved from
http://www.itb.uni-bremen.de/downloads/Publikationen/Forschungsberichte/fb_14_04.pdf
[30.08.2009]
Salovey, P., Mayer, J. D. (1990). “Emotional Intelligence”, Imagination, Cognition, and
Personality, 9/3, 185-21.
Salvador, F., Forza, C. (2005). “Individual Competencies and Training Needs for Mass
Customization”, Proceedings of the 3rd Interdisciplinary Worldcongress on Mass
Customization and Personalization (MCPC 2005), Hong Kong, China.
Robert Freund: Multiple Competencies in Open Innovation Business Model
Submitted to 5th World Conference on Mass Customization & Personalization MCPC2009 11
Schmiedinger, B., Valentin, K., Stefan, E. (2005). „Competence based business development
Organizational Competencies as Basis for Successful Companies”, Proceedings of I-KNOW
’05, Graz, Austria, June 29 - July 1, 2005.
Schoenmakers, W., Duysters, G., Vanhaverbeke, W. (2008). “Radical versus non-
radical inventions”, UNU-MERIT Working Paper Series. Retrieved from
http://www.merit.unu.edu/publications/wppdf/2008/wp2008-036.pdf [30.08.2009]
Schreyögg, G., Kliesch, M. (2005). Dynamic Capabilities and the Development of
Organizational
Competencies.
Schreyögg, G., Sydow, J., Koch, J. (2003). „Organisatorische Pfade – Von der Pfadabhängigkeit
zur Pfadkreation?“, in Schreyögg, G., Sydow, J. (Eds.) Managementforschung 13,
Wiesbaden, 257-294.
Schroer, H. (2007). Innovation as a Factor in Business Success, Kaufmann Symposium 2007.
Retrieved from http://ssrn.com/abstract=1022113 [30.08.2009]
Selznick, P. (1957/1997). “Leadership in administration. Harper and Row”, New York.
Reprinted
in Foss, N.J, (Ed.) (1997). Resources, Firms, and Strategies. Oxford University Press,
Oxford.
Spanos, Y .E., Prastacos, G. (2004). “Understanding organizational capabilities: towards a
conceptual framework”, Journal of Knowledge Management, Vol. 8, 3, 31-43.
Sternberg, R. J., Grigorenko, E. (Eds.) (2003). The psychology of abilities, competencies, and
expertise. New York: Cambridge University Press.
Teece, D. J., Pisano, G., Shuen, A. (1997). “Dynamic capabilities and strategic Management”,
Strategic Management Journal, Vol. 18 (7), 509-533.
Von Hippel, E. (1988). The sources of innovation.
Wagner, K., Ziltener, A. (2008). „Open Innovation System - Ein Ansatz zur Steigerung
regionaler Innovationsaktivitäten“, Diskussion Paper for Entrepreneurship and Innovation,
Swiss Institute for Entrepreneurship, Chur, Switzerland.
Weinert, F. E. (Hrsg.) (2001). Leistungsmessung in Schulen. Weinheim und Basel.
Wenger, E., McDermott, R. and Snyder, W. M., (2002). Cultivating communities of practice: A
guide to managing knowledge, Harvard Business School Press.
Wenke, D., Frensch, P. A., Funke, J. (2005). „Complex Problem Solving and Intelligence”, in
Sternberg, R. J.; Pretz, J. E. (Eds.) Cognition and Intelligence. Cambridge University
Press, 161-187.
White, R. W. (1959). “Motivation reconsidered: The concept of competence”, Psychological
Review, H. 66, 297-333.
Woodruffe, C. (1991). “Competent by any other name”, Personnel Management, Vol. 23,  30-33.
Zollo, M., Winter, S. G. (2002). “Deliberate Learning and the Evolution of Dynamic
Capabilities”, Organization Science, Vol. 13, 339-351.
Zott, C. (2003). “Dynamic Capabilities and the Emergence of Intraindustry Differential
Firm Performance: Insights From a Simulation Study”, Strategic Management Journal, Vol.
24, 97-125.
Submitted to 5th World Conference on Mass Customization & Personalization MCPC2009 1
X-ray specs, stickers and colouring in:
Seeing beyond the configurator using
design probes
Kate Herd Andy Bardill
Middlesex University, UK Middlesex University, UK
k.herd@mdx.ac.uk a.bardill@mdx.ac.uk
Mehmet Karamanoglu
Middlesex University, UK
m.karamanoglu@mdx.ac.uk
Abstract. The broad spectrum of research within the field of MC to date has done much
to further knowledge relating to the practical implementation of designing and
manufacturing custom, co-designed products. However, research into the customer
experience remains limited. There is a need to understand both the nature of the co-
design experience in MC, and how to design for it? The selection of research methods
used to explore this area appears imperative in uncovering useful and relevant data and
insights. This paper discusses the application of design probes as a research method for
a means of exploring what the literature refers to as the ‘multifaceted phenomenon’ of
customer experience, and introduces a research project using these tools for the
construction of conceptual models.
Keywords. design probe, touch point, customer experience, customer co-designer,
design, research methods, conceptual models, empathic research
Introduction
Mass customisation (MC) emerged through business practice. As a result,
academia has had to catch up, and much of the early literature within the field
reflects this (Kumar et al. 2007). The broad spectrum of research within the field
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of MC to date has done much to further knowledge relating to the practical
implementation of designing and manufacturing custom, co-designed products.
There remains limited research however exploring the nature of the MC customer
co-design experience. In 2003, Tseng and Piller highlighted the increasing
importance of connecting with customers in future developments in MC; “we feel
new research on mass customization is especially needed in fields connected with
customer interaction and integration” (p521). Six years on, the continuing
acknowledgement of the need for further work in this area is exemplified by the
call for papers from the 2009 World Conference on Mass Customization &
Personalization, whose manifesto is “to shift the mass customization debate from
a mere physical product level to a perspective of total value system and life cycle
experience and to go deeper on customer-centric communications” (MCPC
2009). This recognises the importance of the product, service and experience, and
raises questions as to what is the MC customer co-design experience, and how do
we design for it? This paper highlights the importance of selecting appropriate
research methods when unpacking the nature of a co-design experience, and
introduces a research study currently utilizing design probes as part of its mixed-
method approach.
What is the customer co-design experience?
Mass customisation by its very nature consists not only of the tangible product or
service offering, but also of the co-design experience for the customer. In this
context, whilst design remains a “conscious and intuitive effort to impose
meaningful order” (Papanek 1997), the design process becomes a two stage
approach, where the customer co-designer becomes a partner in the process of
adding value (Reichwald et al. 2004). Acknowledging this central role of the
customer co-designer, and the extent to which they are embedded in the design
process, is a crucial aspect of understanding and developing an overall MC
strategy.
To date, the findings in the MC literature concerning the co-design experience
generally fall into one of two areas:
* Issues surrounding the contents of the solution space (a conceptual
container for the matrix of product possibilities that are made available
to a co-designer for any given MC product)
* Communication and application of the contents through an appropriate
product configurator
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Research methods within the field differ; some utilise attempts to recreate an
MC purchasing environment, for example work by Kumiawan et al. (2003), and
Kamali and Locker (2002), or else take an empirical approach to understanding
the motivations and choices of a consumer as they are asked to go through a pre-
selected MC purchasing process, for example work by Huffman and Kahn (1998)
and Bee and Khalid (2003). Much of the research concludes with a completed
design at the product configurator. Other researchers use quantitative methods to
investigate customer perception and understanding of MC without any
participation in a co-design experience, for example Fiore et al. (2004) and
Dellaert and Dabholkar (2007). Each offers valuable insight into its specific area of
focus. However, it is important to recognise that the customisation process cannot
be separated from the customised product (Kaplan et al 2007). There appear to be
few research studies focussed on the wider aspects of the MC co-design customer
experience beyond the specific co-design decisions at a product configurator; little
research exists which draws together these issues to help illuminate the wider
considerations surrounding the customer co-design experience from co-design to
receipt of product, and the now ‘fuzzy’ practice of designing for co-design.
It becomes important to define what we mean by an MC co-design experience.
It is often difficult to define where any customer experience begins and ends.
However, to define it as simply the financial transaction and receipt of goods, or in
the case of MC as the specific co-design activities at the configurator, is to
severely limit opportunities for satisfying and engaging with that customer, and
risks leaving their experience to chance. Whilst they may be happy with the final
product, what about the perceived quality of the packaging, the demeanour,
helpfulness and knowledge of the retail staff, the email confirmation of the order
that never came, the switchboard that took 7 button presses to reach an operator,
or the six week wait for the product to arrive? We therefore posit that “a co-
design experience consists not only of activities that relate to the co-design of the
product via the product configurator, but that a co-design experience comprises
both tangible and intangible elements, encompassing the entire purchasing
experience from the beginning of co-design activity through to the receipt of the
customised product and beyond” (Herd et al. 2009a, p194).
According to Schmitt (1999), a business selects stimuli which create the desired
customer experience, these are known as ‘experience providers’. Gilmore and Pine
(1999) refer to these as ‘cues’, and highlight the importance of each cue portraying
a consist theme to the customer. Also known as product ‘touch points’ a
terminology we use in our research, these “instances of direct contact with either
the product or service, or with representations of it by the company or third party”
(Meyer and Schwager 2007) serve to construct the customer experience. Touch
points can therefore be used to define and describe MC co-design experiences. It is
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these tangible touch points which make an experience real, enabling brand to be
savoured, remembered and communicated (Slassi 2005). “When a person buys a
service, he purchases a set of intangible activities carried out on his behalf. But
when he buys an experience, he pays to spend time enjoying a series of memorable
events that a company stages – as in a theatrical play – to engage him in a personal
way” (Pine and Gilmore 1999). It is important for a mass customiser to consider
the touch points within their product offering, as these exist not only within the
product itself, but throughout the entire co-design experience. Touch points
should not be events, moments or actions which occur at random throughout an
experience. Their role is to create a coherent message or narrative through and
around the customer experience; “it is utterly important how the company acts in
each and every customer touch-point, and that all company activities and messages
are reflections of the values that define the image and the brand. At customer
touch-points the brand comes through and is realized. This is also where the brand
can be easily destroyed” (IASS, p6). This narrative should have not only emotional
appeal, but also communicate an authentic message; brands like Caterpillar sell
shoes on the back of their rugged work image, while Body Shop customers buy its
beliefs and values along with its products (Lewis and Bridger 2004, p39).
We use the model of a customer corridor as a way of mapping MC co-design
experiences (see figure 1). The customer corridor represents the broad co-design
experience, with the doorways within the corridor describing the key stages that
occur within that experience (Herd et al. 2009b). The spaces between the
doorways in the customer corridor, for example between product purchase and
receipt of product, may offer the most potential for exploring improvements to the
co-design experience; as Donald Norman describes “Anytime one system or set of
activities abuts another, there must be an interface. Interfaces are where problems
arise, where miscommunications and conflicting assumptions collide. Mismatched
anything… is a designer’s heaven” (2008, p36). We are looking for what we
describe as latent touch points, touch points which are currently missing or un-
designed within co-design experiences.
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Figure 1. A generic customer corridor for an online purchase (Herd et al. 2009b)
We recognise that an experience is not always a linear route. A useful metaphor
is that used by  Service Design company LiveWork (Moggridge 2007 p422) who
describe on-ramps and off-ramps in a customer experience “… so you’re not
talking about the main road of content flowing through, but how people access it,
how they leave, what they do with it when they’re finished with it”. This appears
particularly relevant to many existing online product configurators where, for
example, designs can be saved and returned to at a later date, forums are joined
and communities of users become established. As these co-designers become part
of social networks, customer corridors cluster together (see figure 2)
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Figure 2. The creation of communities (Herd et al. 2009b)
The mapping of customer experience is valuable in understanding both context
and contents of the experience. It can be used to fully evaluate and analyse
business processes, or simply as a prompt and prop for discussing intended user
experience. In addition, any problems or inconsistencies with current customer
experience may be revealed through mapping actual experience against presumed
or desired use and experience (CHIFOO 2009)
The customer corridor is therefore useful in mapping what occurs throughout
an MC co-design experience. However, to understand the co-design experience we
need to go further; we need to understand not only what happens, but why people
feel the way that they do, what they feel, when, and how. These often intangible
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elements reflect what Desmet and Hekkert 2007 describe as the “multifaceted
phenomenon” (p59) of product experience, comprising aesthetic pleasure,
attribution of meaning and emotional response. It is this area of investigation
where many of the current research methods used in MC fail to capture this
multifaceted insight into MC co-design experiences.
Doing the right kind of research: probing for
inspiration
As with all research, the selection of research method is paramount in ultimately
giving credence to, or calling into question, the findings of the enquiry (Clough
and Nutbrown 2008, px). When exploring customer experience, we need to move
beyond traditional research methods, many of which have been shown to fail to
capture opportunities for product innovation; “Traditional market research asks
people questions about what they do and the design is based on what they say. But
there is a difference between what they say they do and what they really do”
(Myerson 2001). User-focussed innovation requires user-focussed research
methods, user insight stems from empathic research, not market research. These
empathic design research tools differ from market research in their divergent rather
than convergent nature; market research may look at 100 average people and gain
one insight, whilst empathic research may look at 10 extreme product users and
gain 100 insights. Whilst both are useful, it is important to use the right tool at the
right time. Market research techniques can help uncover explicit user needs, but
latent user needs will only emerge through the use of empathic design research
tools (South 2004).
The selection of appropriate research methods is therefore paramount in
deriving insightful data relating to the co-design experience; alternative approaches
are needed to elicit subtle, tacit customer needs, moving beyond the view of a
product as a set of performance features and functions, and considering the
implications of the physical and emotional context of product use (Rosenthal and
Capper 2006, p216). We need to find ways to empathise with customers; “we need
not only a window into the user’s life, but also an explanation of how he sees
things in that window” (Mattelmäki 2003, p121). As Fulton Suri (2003, p42)
describes, our “subjective ability to make empathic inferences from objective data
is a key component of understanding what matters to people at this more
emotional level”. These approaches to customer co-design research in MC may
reveal elements of customer experience which have not yet been identified, thereby
offering new opportunities for design and potential market advantage.
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One of the problems with current research methods in the field of MC are that
many approaches provide only a snapshot of time (for example at the
configurator), this reveals very little of the wider customer co-design experience.
This becomes particularly relevant when we aim to understand the emotional
reaction to specific events within a timeframe which, for some purchases, may last
up to eight weeks. It is unlikely during a follow up interview that an accurate
memory of emotions and actions will be recounted, (for example the emotional
response at the moment of payment) when this view is likely to be later distorted
by the satisfaction or dissatisfaction with the final product and overall experience.
Likewise the ‘recreation’ of a website to evaluate peoples clicks through a custom
site are lacking any engagement with brand and will to purchase, which are an
intrinsic part of any customer experience. Research methods are needed which can
explore a prolonged period of time, and situations which the research team would
otherwise not have access to.
Our research focuses on the development of conceptual models and tools to
assist in designing for co-design, and uses a mixed-method approach. This paper
describes and reflects upon the use of a design probe for gaining insight into MC
customer co-design experiences. Defined by Mattelmäki (2003, p120) as “self
documentation packages for gathering data on people’s actions and the contexts in
which they take place… [probes] provide people with tools for reflecting and
projecting their opinions and feelings”. Their advantage lies in their “rich, textured
understanding of user need” (Gilmore 2002, p31), recognising that “the truth is
that there is no average person out there” (p32). Since their inception in 1999,
probes have been adapted and used as research methods in a variety of contexts,
and for a range of purposes. Despite the differences, their essence remains what
Gaver et al. (2004) describe as “probology”; an approach that uses probes to
encourage “subjective engagement, empathetic interpretation, and a pervasive
sense of uncertainty as positive values for design”.
Probes are “collections of evocative tasks meant to elicit inspirational responses
from people – not comprehensive information about them, but fragmentary clues
about their lives and thoughts” (Gaver et al. 2004). They are a designers tool for
creating a dialogue between participants and themselves, not intended to provide
design solutions, but rather to create an empathic understanding of individuals and
their experiences; “Rather than producing lists of facts about our volunteers, the
Probes encourage us to tell stories about them” (Gaver et al. 2004, p55). In
contrast to most research methods that strive for objectivity and impersonal results
though controlled procedures, probes seek to actively embrace the subjectivity of
its method. They enable designers to construct a story of an experience, based on
real life rather than on constructed personas, helping to avoid preconceptions and
assumptions about users, products and their experiences. This is valuable since
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summarising returns risks producing an “average” picture that fails to capture
insight into the individual (something particularly relevant to MC), filtering out the
unusual moments that can be the most interesting (Gaver et al. 2004, p56). They
enable us to see beyond what appears to be happening, to take a view from the
inside outwards. Carrying out this research with small numbers of participants
using these methods also falls inline with the nature of MC where everyone is an
individual; as Moggridge (2007) describes “Empathic research methods… if
skilfully used, can yield much inspiration from small numbers of subjects” (p434).
The advantage of probes within MC research therefore, is their ability to be sent
out into the co-design environment with minimal impact from the research team,
and to gather insights into individual experiences.
We have a three stage approach to data gathering within this study:
* Literature review, both in MC and adjoining disciplines such as design,
Customer Experience Management (CEM) and Customer Relationship
Management (CRM), which forms the foundation of our understanding
* The purchase of a number of MC products to create frameworks of
experience (customer corridors); exploring the experience of being a co-
designer
* Constructing and giving design probes to co-designers to track their
MC purchase, followed up by a semi-structured interview to further
unpack their experience
The use of design probes requires a balance between both unguided, intuitive
and inspirational information gathering, which is implicit to the nature of the
research method, whilst at the same time enabling information to be obtained
which falls within the boundaries of the research aims. This underlying tension
exemplifies the nature of the research method in its inspirational rather than
empirical nature, and supports the use of a mixed-methods approach.
Constructing the research tools: design probe kits
The following areas were explored using design probes:
* Insight into what events, and corresponding touch points, occur during
a specific co-design experience
* Insight into the emotional reaction/thoughts associated with those
events/touch points
* Insight into the social networks of the customer co-designer with
regards to their co-design experience
Herd, Bardill & Karamanoglu: X-ray specs, stickers and colouring in: Seeing beyond the
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* Assistance in the construction of a persona, and storytelling of an
individuals experience
The experiences captured within the design probes were to be viewed against
the previously established customer corridors from our MC purchases, which helps
to view the findings in context (for example mapping touch points against a
timeframe), enabling a prior understanding of a specific co-design experience for
each company selected. This has the benefit of removing the necessity for the
probe to inform the researcher of accurate representative information about the
purchasing experience, but rather it enables a focus on the interpretation of events
and the associated emotional reactions. The design probes were retained for one
week after the custom product arrives and then returned to the researcher. This
was followed up by an interview in which the co-design experience was further
explored. As Robertson (2006) discusses, probe results can provide both prompts
for the interview, and can help in bridging the distance between the researcher and
volunteer. The completed materials offer clear ideas and insights into the
participants experience prior to interview and allows the interview schedule and
manner to be adjusted to better suit the needs and specific context of each
participant.
The design probe kits for exploring customer co-design were first piloted to
uncover potential problems/issues with use (the development of the probes is
discussed in more detail in Herd et al 2009a). The resulting kits were distributed to
four participants in the study. The profile of the participant was unimportant, more
important was a genuine desire to purchase a custom product from one of the
companies on offer. A £50 thank you payment was offered to participants for their
time upon completion of the probe and follow up interview; this payment was
deemed high enough to generate interest whilst deliberately less than the price of
any of the custom products on offer on the websites at that time.
Five companies were offered from which a custom purchase could be made
(bag, trainer or watch) either online or in-store:
* Nike ID
* Freitag
* Timbuk2
* Pumas Mongolian BBQ
* K-Swiss
Probe kits are not commercially available as standardised items, and the
literature offers no specific rules for how they should be designed and applied.
Despite this lack of clear guidance, a review of relevant research highlights a range
of commonalities; these can be used as indicative of how probes can work
Herd, Bardill & Karamanoglu: X-ray specs, stickers and colouring in: Seeing beyond the
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successfully. Mattelmäki (2003, p123) defines four key elements that make up a
probe kit:
* Elements for visual documentation (typically a camera) for documenting
the participants life, material and social environment, and their
interpretation of these
* A diary, offering an understanding of how the participants actions,
routines, moods and thoughts are situated within their everyday lives
* Specific issues that can be probed with illustrated question cards, maps
and task books. These activities can also consist of open questions
about opinions and attitudes
* ‘Props’ designed to facilitate data gathering, for example, instructions,
‘reminders’ etc.
In attempting to gain insight into the co-design experience, we developed a
range of components within our design probe kit (see figure 3). Each item had
basic instructions for use. The activities were guided in part by their
names/labelling, which fell into three categories; ‘CAPTURE IT’ tasks required a
photograph from the digital camera and photo printer supplied, ‘DRAW IT’ tasks
required a diagram, and ‘DESCRIBE IT’ and ‘LIST IT’ tasks entailed a written
response. ‘TELL ME STUFF’ involved the use of the dictophone, supplied with
the kit.
Figure 3. ‘So… what’s inside your design probe… ?’ instruction card
Herd, Bardill & Karamanoglu: X-ray specs, stickers and colouring in: Seeing beyond the
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The design of the probe components is important since research suggests that
good design and attention to detail increases the motivation to participate (Lucero
and Mattelmäki 2007, p173). The design probe must encourage participation
whilst not overly burdening the participant with work. Functionality and usability
are key components of probe design and attention must be paid to both the needs
of the participant and the researcher, considering how the information will be
documented, collected, communicated and stored (Mattelmäki 2006, p75-6). Our
probe components used a range of media and response types in an attempt to
engage participants preference and style of thinking and working (see figure 4).
Herd, Bardill & Karamanoglu: X-ray specs, stickers and colouring in: Seeing beyond the
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Figure 4. The design probe kit (from top: four assembled design probe kits, participant diary,
touch point map and sticker books, task cards, and dictophone with instructional wrap around)
Herd, Bardill & Karamanoglu: X-ray specs, stickers and colouring in: Seeing beyond the
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The components were seeking information across a range of areas; these
included the participants perceptions of themselves, the company they were buying
from and their thoughts about customisation, the touch points they experienced,
and how these made them feel, their social network with regards to their co-design
experience (who did they tell about their co-design experience/product), and their
emotions from moment of purchase through to one week after the product arrived.
As expected with a research method of this type, results were varied in the level of
completion, primarily due to the participants response to different components and
ways of working within the probe kit.
One of the challenges of using design probes is their intrinsic nature of being
sent ‘out there’ beyond the researchers control; this is particularly challenging with
the lengthy MC product lead times, there is no way of knowing whether the data is
being gathered. This was experienced during the pilot (one of the two probes was
eventually returned unused), and during the study (one probe was returned unused
but then passed to another participant. Two other participants had to be contacted
to enquire whether or not a purchase had been made when no contact was made
after two months). One method of retaining contact with participants was the use
of postcard stickers. These were supplied as an A4 sheet containing 4 stickers (see
figure 5). Each stamped, self-addressed sticker had a ‘CAPTURE IT’ photography
task (the photo for which then became the postcard) and a written task. They
retained contact between the participant and the researcher. This was particularly
important when the anticipated period between purchase and arrival of MC
products from these five companies (based on our customer corridors), varied
from 6-50 days. The first postcard in the set informs the researcher of the purchase
date and company purchased from, (from which an arrival date can be estimated
for the product); this enables a basic means of tracking the probe use.
Herd, Bardill & Karamanoglu: X-ray specs, stickers and colouring in: Seeing beyond the
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Figure 5. Postcard sticker sheet, plus one completed and returned postcard (CAPTURE IT task:
something frustrating)
What we’ve found so far…
At the time of writing, not all probe kits have been returned to the authors, nor
have all the interviews been completed. This paper does not seek to and discuss a
full analysis of the findings at this time. Instead it seeks to discuss the research
needs for gaining inight into the co-design experience, and to introduce the
research methods used in this study. Further work will report on the findings.
However an initial review of the probe kits has already revealed some valuable
insights and stories to tell about individuals experience as co-designers. We can
tell stories about their experience; “… they sent you a little link, that showed you
your bag… and I sorta just, that’s, that’s what I just kept going, I went back to
back to that link, and… just to, just to look at it… and then I sent that link to a
couple of my friends” (Participant 02 personal interview – FREITAG purchase).
These tell us of their individual customer journey, and emphasise the importance of
touch points in establishing a coherent experience and a connection with the
company; “Company emailed my invoice; nothing special really. Said my order has
been shipped; they already mentioned in a previous email” (Participant 03 diary
entry – Nike iD purchase). We can also learn what it means to an individual to
own an MC product; “I love the bag… I haven’t stopped, it has like, a special
place… it sits on top of the fridge” (Participant 02 personal interview – FREITAG
purchase).
These stories, and those yet to be heard, offer the foundation for understanding
what it means to be a co-designer. Every experience is different, and as designers
for co-design we need to put on our x-ray specs to really see what’s going on for
our customer co-designers, beyond the mere actions at the product configurator.
What we then need to discover, is how to design for this co-design experience.
This needs to happen by looking not only at what is happening now, but by
looking at what should or could be happening through the identification of latent
customer needs. Our work is leading towards a framework for guiding designing
for co-design, through the use of conceptual models and tools.
The analysis already appears challenging by the very nature of the research
method. It is important to remember the purpose of the method; as Mattelmäki
(2006) describes, the results are not about producing “general or comprehensive
knowledge”, but rather constituting an introduction to the next stages of work,
and as “an instrument for determining further questions” (p60). The findings from
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the probes will inform insights into both MC co-design experiences, but also into
the development and applicability of design probes as a research method for this
field. There is much work to be done in establishing appropriate methods of work,
and in learning from other disciplines.
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Managing customer interaction in innovation processes
with value creation networks
- Experience and perspectives -
Ditmar Ihlenburg1, Michael Bernas2,
Festo AG & Co. KG
Abstract. The article focuses on the following questions: How can the mechanical
and plant engineering industry provide targeted application and solution knowledge
on an electronic platform? What role do web services play in intelligent searching
for application / solution knowledge and in efficient communication and interaction
between providers and consumers of this knowledge? Draft results and experiences
of prototypical use of  THESEUS3 will be presented as a electronic platform for
solution knowledge exchange for solutions in the mechanical engineering industry in
the early stage of the innovation process.
Enterprises in mechanical engineering industry have made increasingly aware that low
cost, product performance and high quality is no longer sustainable success. Integrating
products and services to customized solutions can help firms to differentiate from their
competitors. Global competition leads to more and more heterogeneous on demand
behavior. Information exchange between suppliers and users of automation technology
must be made more efficient and effective in the future to simplify the marketing of
solutions. In particular, it should be made easier to locate information about complex
services that require explanation using the Internet. For example, in addition to
conventional product or supplier searches, you can enter a description of your problem or
possible solution methods to search for appropriate products (components, machines or
entire plants), similar solution methods or further assistance. The platform provides you
with a detailed contact form to communicate your outstanding questions and problem
descriptions to suppliers. As well as simple contact data, you can use this to provide a
supplier with additional information about your problem (e.g. environmental requirements,
sketches). As well as company websites and general Internet search engines (e.g. Google),
industry-specific Internet platforms represent an additional method for mechanical and
plant engineering companies to exchange information with their customers.
Existing Internet platforms are often less focused on particular market segments and
1 Festo AG & Co. KG, Global Evaluation Manager, Ruiter Str. 82, 73734 Esslingen; E-Mail: ihl@de.festo.com
2  Festo AG & Co. KG, Head Future Projects, Ruiter Str. 82, 73734 Esslingen; E-Mail: bna@de.festo.com
3 THESEUS is a research program initiated by the Federal Ministry of Economy and Technology (BMWi), with the goal
of developing a new Internet-based infrastructure in order to better use and utilize the knowledge available on the
Internet. The THESEUS research programme represents an important contribution to the creation of a new internet-
based knowledge infrastructure that means faster and more effective online knowledge processing in future. One of the
main subjects being researched is the development of semantic technologies that are capable of recognising and
classifying the content and meaning of information (words, pictures or sounds). THESEUS is also intended to provide a
bridge between pure research and practical application from the outset. Application-oriented basic semantic
technologies and technical standards are to be developed and tested under the umbrella of THESEUS. The expected
results are novel products, tools, services, and business models for the World Wide Web, as well as for the service and
knowledge society of tomorrow.
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contain simple product and supplier lists, without the ability to highlight more complex
application examples and solutions. Because of this situation, Festo has decided to address
this challenge and is working with partners to research a new interaction platform for
providing solution and technology knowledge. On this platform, it should be possible to
highlight the expertise of automation specialists as problem solvers and to visualize
complex relationships. The platform should be enable innovative solutions and
technologies to become known by the public more quickly in the future. In addition to
efficient market communication, platform users will receive a cross-manufacturer view of
the market highlighting the performance and innovation capacity of expert problem solvers
in the automation industry. According to Prof. Dr. Wolfgang Wahlster “THESEUS is a
combination of the IT trends “Semantic Web” and “Web 2.0” which, in the form of Web
3.0, will provide an innovative, groundbreaking knowledge infrastructure that will allow
entirely new forms of knowledge access, knowledge management and web-based services,
applications and business models”. Specific in the business of mechanical engineering and
automation industry the semantic technologies will make it possible to generate new
knowledge from solutions which are already available. The objective of the presentation is
to present preliminary findings on the new interaction platform for the mechanical
engineering.
Mechanical engineering in Germany – A strong industry
With a current annual turnover of 167 billion Euro, mechanical engineering in Germany is
an important element of many value chains or value creation networks.  The industry is
made up of 6,000 companies and provides employment for 870,000 people. In addition to a
few major names, the industry is predominantly characterised by small and medium-sized
companies (SMEs). In total, 87% of companies have fewer than 250 employees, two thirds
have fewer than 100 employees and only 2% employ more than 1000 people. The SMEs in
engineering are often global leaders in their own specialist areas with the solutions and
applications they develop ("hidden champions"). To ensure that this remains the case in the
future, it is important that these companies' application and solution knowledge is
represented using IT in such a way that their value creation partners can quickly find
targeted applications and solutions for their specific problems. This idea is the focus of this
report.
Application and solution knowledge – Basis for business actions and decisions
The classification of data, and the use of information to upgrade it to knowledge, is often
cited and is generally known in the knowledge community. Once again, in our context it is
important to emphasize that "knowledge" is not an end in itself. Solid knowledge is merely
a basis and is used to either trigger actions, for example investment in new components,
assemblies or machines, or to make decisions, for example choosing between different
solution options. The key is therefore to make technical solution expertise available. The
international market is changing in terms of the interaction between the process chains of
plant operators as customers on the one hand, and plant engineers and component suppliers
on the other. As well as simple components, customers are increasingly demanding entire
sub-assemblies and systems. Because of this, component suppliers will have to take
account of the interfaces to other products and manage these so that they can provide
system solutions – closed systems of harmonized automation products. Within the
industry, a clear transformation can be identified for competition for individual
components to competition for solution expertise. In ousting competition, differentiation
mainly takes the form of efficient interaction with the customer. Solution expertise –
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provision and use of application and solution knowledge - is becoming a critical
competitive resource and thus a critical success factor.
Review of previous experience
In mechanical and plant engineering, there are currently hardly any attractive Internet
portals where customers can obtain information about innovative solutions. There are
numerous electronic trade platforms for products with a breakdown of the product data /
information but there is a distinct lack of an information and marketing platform
specifically for solution and technology knowledge. Festo has already made considerable
independent efforts to present its application and solution knowledge. The objective is to
make the information exchange between providers and users of automation technology
more efficient and effective. This should make it easier to market complex solutions that
require explanation. Festo has devised a new interaction tool for managing and searching
for internal application knowledge for its sales staff worldwide. This application
knowledge is made accessible and retrievable for local technical consultants using an
internal sales tool with project information and knowledge. In the future, Festo is interested
in expanding the use of the structure and systems from this tool externally to customers
and potential new customers. The internal sales tool has therefore been designed in such a
way that marketing information can be exported to external Internet platforms. The internal
tool to support the sales staff can be used to export marketing and information data to
external electronic Internet platforms. This will enable new solutions and technologies to
become known by the public more quickly in the future. In addition to efficient market
communication, users of Internet platforms will obtain a cross-manufacturer view of the
market highlighting the performance and innovation capabilities of expert problem solvers
in the automation industry. New methods of codifying application and solution knowledge
(e.g. standardised industry ontology) will make it easier to find digitally available
unstructured data and information. The solutions presented here and the initial experiences
with them are very promising - however it is clear that both the application / solution
search tools and the tools for efficient interaction between suppliers and consumers need to
be sharpened up.
Seek and you will find - the role of search engines
What is a typical search situation for a developer in a technical engineering environment?
The following key questions can be derived:
· How new is the task / problem?
· Is there any similarity / analogy with known tasks or problems?
· How complex is the task / problem?
· At what point in the product development process does the task / problem occur?
· What level of specialist experience ("prior knowledge") does the person searching
have?
· What level of certainty does the search result have?
· What is the aim and the importance of the information or knowledge search?
The developer on the consumer side – in the customer company – must be offered
assistance with putting the problem into abstract terms if required. One conceivable
possibility would be to incorporate the enquiry / problem into a standardised industry
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ontology, that supports the developer in expanding the limits of his own thinking and thus
the scope for solving his problem based on similar or analogous problems and their
solutions.
Fig. 1: A new interactive platform for the mechanical engineering industry
The Internet is a medium that is perfectly suited to making a crucial contribution here –
more so than any other "traditional" media such as professional journals, trade fairs, field
service or catalogues.
It can thus be expected hat intelligent representation of application and solution knowledge
on the Internet will open up considerable potential. In this context, search engines have a
key role to play. It is vital to develop a reliable method of finding relevant digitally
available application and solution knowledge (in text, image, sound or film format or
"cross media") for the customer base in mechanical and plant engineering.
Innovation process
In addition to the search functionality, rapid and uncomplicated interaction between
suppliers and consumers of machines / systems / components or applications / solutions
represents the fundamental component of an appropriate electronic marketplace.
Synchronous Internet functionality, e.g. online meetings (with text, audio, video and
whiteboard support) can support real time communication and interaction between the
actors involved without the need for costly travel and face-to-face meetings.
An electronic marketplace would need to provide the corresponding features. Ideally, they
should be easy to implement in technical terms and feature excellent usability.
Outlook - Prospects for electronic marketplaces in engineering
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How can technical solution expertise be marketed? The authors believe that
communication and visualization are critical for the customer. If a company wants to be
recognized as a system partner and perceived as a problem solver, it needs to focus on
successful references (good and best practice examples, success stories etc.) and highlight
or visualize its technical solution expertise.
It is also important to make it more efficient and effective for suppliers and users to
exchange information and knowledge and thus to make it easier to market complex
technical solutions that require explanation.
The ideal electronic platform for application and solution knowledge in mechanical and
plant engineering:
· Allows practical searching using technical parameters and classifications based on
references and similar solutions
· Finds proven solutions and visualizes complex machines transparently down to the
individual components
· Highlights solutions from other areas with alternative technologies, systems and
products
· Saves time due to direct links to technical specifications or product information from
manufacturer website
· Provides a dynamic presentation of all available information sources using innovative
tools on the Internet
· Provides ideas and impetus for similar projects and problems from other areas and
industries
Conclusion
The further development and industry-specific adaptation of web services will bring
significant added value for all actors involved (on supplier and consumer side).
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In practice, however, solution providers very often fail to successfully execute their value
creation activities due to lacking customer interaction. Advances in technology have
resulted in increasing opportunities for interactions between firms and customers, between
customers, and between firms. At this juncture an interaction orientation reflects a firm’s
ability to interact in the early stage of the innovation process with its individual customers
and to take advantage of information obtained from them to achieve profitable customer
relationships. Therefore practical insights and recommendations are given by a solution
provider, focusing on customer interaction even in early phases of business relations, and
improving this critical activity by implementing new ways of interaction like internet
platforms.
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Abstract. One of the aspects of Mass Customization (MC) is to provide products or
services that satisfy individual customer’s needs and simultaneously meet manufactures’
economic objectives.  This paper presents results from a survey developed to 1) assess
the approaches to realise and exercise the Mass Customization strategy, 2) to unveil the
potential for MC within the companies, and 3) to ascertain the potential competitive
benefits and improvements of strategic positionig of the company in its market place,
achivied through the applications of MC principles. The survey is a questionnaire of best
practices, divided in 5 topics (Production & Organization, Product, Administrative
processes and ICT, Market, and People), sent to 343 Norvegian companies in different
industries. The objective is to understand and analyze the spread of Mass Customization
in the firms, and how they develop and improve their goods and services using Mass
Customization principles.
Keywords. Mass Customization, Industry Potential, Survey.
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Introduction
The Mass Customization strategy is an opportunity for so called western
countries in order to remain competitive in the current and future global
marketplace.  Western companies of today struggle to compete against
developing countries on costs only. This implies that efforts should be directed to
continually develop and improve knowledge and technology in order to provide
products and services that can satisfy customers by better meeting their
requirements. Concerning knowledge, a complex organizational structure is
required to support and promote knowledge generation and its efficient utilization
(Hirschhorn, 2001), and to coordinate all activities involved for accomplishing the
tasks necessary to provide products satisfying customer expectations in order to
deliver a customized product in nearly the same period of time as for the mass
produced one. Technology plays a key role to make Mass Customization possible
and to reduce the trade-off between flexibility and productivity. Furthermore,
Internet sets up a highly efficient communication channel between producers and
customers to satisfy customer orders exactly, including right goods and services
according to their personal tastes anytime from anywhere in the world (Phaal,
Farrukh, and Probert, 2004).
Western companies are at the forefront of the Information and
Communications Technology (ICT) industry and Internet technologies, including
the creation of new telecommunications, hardware, software, the development of
multifunctional web and intranet sites, superfast web browsers, and e-commerce
solutions. Countries in this region have obtained high standards of living
compared to other regions, and customers are willing to spend more money to
purchase customized products or services, which satisfy their individual
requirements, with short delivery times.
Companies of today face the challenge of unpredictable, high frequency market
changes in both local and international markets. Competition in the
manufacturing and services industry focuses on the ability to flexibly and rapidly
respond to changes in market conditions. With significantly shortened product life
cycles, firms have found that they can no longer capture market share and gain
higher profits by producing large volumes of a standard product for a mass
market. Success requires the adoption of order-fulfillment processes and methods
that are customer-oriented (to satisfy customers’ individual wants and needs) and
that can manage change through providing a fast and flexible response. Many
companies are confronted with the challenge of changing their strategic
orientations to meet demands of the current market place. Mass customization is
one solution to this challenge. The practitioners of Mass Customization share the
goal of developing, producing, marketing and delivering affordable goods and
services with variety and customization so that everyone finds exactly what they
want (Pine, 1993).
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The purpose of this paper is to present results from an inquiry about the Mass
Customization potential in Norwegian manufacturing industry. First, the
questionnaire intends to assess and analyze the diffusion of key issues of Mass
Customization within the companies. Secondly, it aims to reveal the potential for
this manufacturing strategy with respect to five major topics. Third, it ascertains
the potential competitive benefits achived through implementation of MC.
The survey is based on a literature review on Mass Customization best practices
and aims to cover all aspects needed to supply products and services to the
customer.
The five areas covered by the questionnaire are:
·Production & Organization
·Product
·Administrative processes and ICT
·Market
·People
The paper is structured in four parts. First, the survey’s model is reviewed; the
design and structure of the questionnaire is conceptualized and the topics are
defined. Second the research methodology is briefly described, this includes how
the data will be collected, assessed and classified.  The third part contains results
and analysis, and the last part discusses findings.
Survey model
Mass Customization is defined as “a process employed by firms in utilizing
technology and management methods to offer product variety and customization
through flexibility and quick responsiveness” (S. Kotha, 1995). The development
of just-in-time delivery, lean production techniques, early manufacturing
involvement, time based competition, cross-functional teams, and a host of other
advances has increased flexibility and responsiveness, and therefore the ability to
increase variety and customization without parallel increase in costs. The
questionnaire is inspired by past research based on features mentioned below.
Topics covered include;
· Production & Organization
Production function is focused on total process efficiency, which includes both
productive and unproductive time. Focusing on this feature leads to seeking
optimum quality and eliminating all waste through continuous process
improvement. Further, high production flexibility is achieved by multi-skilled
workers and computer-aided manufacturing systems.
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Organization is characterized by integrated functions with dynamic
boundaries, flexibly specialized resources and integration of thinking and doing;
every function, unit, and person is focused on realizing customized products or
services.
· Product
Mass Customization strategy aims to understand and better fulfil customer
needs. This goal is achieved by continuous incremental innovations that yields
low costs and short cycle time products; and by creating modular components that
can be configured into a wide variety of end products and services.
· Administrative processes and ICT
Information is the connection of all activities and operations in a supply chain.
Information is used for coordinating daily activities and for supporting strategic
forecast decisions. It is also the kernel in communicating with customers, first to
capture their specific needs, and later to follow up on delivery and future orders.
Introduction of ICT innovations in various business processes and product
development can enhance customer relationship management.
· Market
Marketing strategy is based on gaining market share by fulfilling customer
wants and needs. In an increasingly turbulent market, the goal is achieved by
maintaining strategic flexibility capable of addressing rapid environmental
changes and able to respond quickly to changing customer desires.
· People
Mass Customization is characterized by the integration of thinking and doing,
obtained by joint management/worker involvement in defining and continuously
improving process efficiency. It provides opportunities for education and training,
including cross training in multiple skill areas. Another key feature is the sense of
community and exciting work environment, which reinforce the positive aspects
of the entire system and increase the workers’ motivation to achieve the goals.
Research Methodology
The main object of this work is to understand the spread of mass customization
principles and to assess the approaches used to realize mass customization
strategies in Norwegian manufacturing companies. The best method for achieving
this goal was found to be an on-line survey to reach a wide number of firms,
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contacted by e-mail. The on-line survey is a questionnaire, inspired by literature
reviews and previous research on Mass Customization. After creating the on-line
questionnaire, e-mail addresses to relevant Norwegian manufacturing companies
had to be obtained. The Federation of Norwegian Industries is an employers’
organization in Norway, organized under the national Confederation of
Norwegian Enterprise. The web site of Federation of Norwegian Industries was
considered the best tool for finding the necessary e-mail addresses. The total
member list for different industries was used.  In order to get sufficient response
and significant information on our questions, it was essential to find personal e-
mail addresses to people who deal with operations and strategy management
within the companies. In fact, the appropriate respondent needs to have the
overall picture of the company and knowledge about product configuration-
related activities and multiple functional areas. Where it was impossible to
identify the right person, a general e-mail address to the company was used.
In addition to the characteristic mentioned above, the main advantages of this
method are described below:
· Very large samples are possible
· Statistical techniques can be used to determine validity, reliability, and
statistical significance
· Surveys are flexible, in the sense that a wide range of information can be
collected
· Because they are standardized, they are relatively free from several types of
errors
· They are relatively easy to administer
· Only questions of interest to the researcher are asked, recorded, codified,
and analyzed. Time and money is not spent on marginal questions
· Cheap to run
But there are some disadvantages as well. They depend on subjects like
motivation, honesty, memory, and ability to respond, and since the chosen
participants often are a random sample, technical errors due to non-response may
exist.
The questionnaire is designed to take no longer than 20 minutes to complete.
Efforts were directed to writing simple questions in English in order to reach all
respondents. It consists of a total of 51 questions, divided in the 5 topics Product,
Market, Production & Organization, Administrative processes and ICT and
People.  Some degree of overlap between the questions was allowed in order to
improve measurement quality. This enabled the identification of the respondents
that provided contrasting or inconsistent information.
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The on-line survey makes use of the Web and e-mail. The former makes it
possible to obtain a large amount of information and achieve very fast results and
a high degree of flexibility. Should one wish to modify the questionnaire,
interactive HTML forms allows for quick and easy changes. The latter permits a
low budget and enables you to reach a greater sample. The on-line survey
facilitates response operations - the respondent only has to fill out and submit the
survey, without saving and returning the completed questionnaire via e-mail.
Response and Analysis
The survey was sent to 352 manufacturing companies in Norway. Out of this
sample, 75 enterprises participated (Figure 1) of which 34 companies submitted
the completed questionnaire, 22 companies answered “not applicable with MC in
our company”, nine companies could not be contacted, seven companies replied
that they were busy or had other reasons that prevented them from participating,
two companies responded that the language was too complicated and one
company claimed that their contact person was not available.
Figure 1; Number of answers
Since nine companies didn’t receive the questionnaire due to technical
problems with the mail correspondence, they were dropped from the subsequent
analyses. Thus, the sample actually consists of 343 companies, and the 66
respondents (Figure 2) constitutes a response rate of 19,24%. This result was
obtained after having sent two reminder e-mails, the first after two weeks and the
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second a month after the original invitation.  Furthermore, 20 randomly selected
non-responding companies, (5% of the designed sample), were contacted by
phone in order to increase the response rate and to investigate potential bias
amongst the no-respondents.
According to Yusof and Aspinwall (1999), a response rate of 20-25% is
normal for mailed surveys.  Shih and Fan (2008) showed in their analysis that
Web surveys generally have lower response rates (about 10% lower on the
average) than mail surveys. Furthermore, literature provides publications based
upon even lower response rates. Therefore, the obtained 19.24% was accepted.
Figure 2; The final calculation of answer rate
As shown in Figure 2, 80.76% of the companies didn’t answer. Possible
reasons for this is commented below:
· The survey was conducted during summer, and many people were out of
office and unreachable;
· Some company servers blocked the URL pointing to the questionnaire
webpage due to spam warning;
· The sample of the study consists of randomly selected companies of all
sizes. In small and medium sized enterprises, the medium-level managers
who have the knowledge and skills to provide reliable answers are busy
individuals;
· Generally low enthusiasm for e-mail surveys;
· The use of general contact e-mail addresses to some of the companies;
· Technical English can be difficult to understand – perhaps a questionnaire
in Norwegian (native language) would have been more comprehensible
and would have generated more interest;
Skjelstad, Armati and Borgonovo:
Potential for Mass Customization in Norwegian manufacturing industry
Submitted to 5th World Conference on Mass Customization & Personalization MCPC2009 8
· Lack of time;
All answers received are summarized in Figure 3;
Figure 3; Categories of answers
The 34 usable answers, made up by the companies that submitted the complete
questionnaire, are analysed and assessed in the next paragraph.  22 of the
respondents answered that the principles of Mass Customization are not
applicable in their company’s business management/strategies, and added these
explanations:
· The small size company prevents the implementation of mass
customization principles;
· More correct with One of a Kind production;
· Topics explored by the survey did not apply to the company;
The remaining 10 respondents could not fill in the questionnaire due to:
· The right person was not available;
· Different reasons like busy or lack of time;
· Complicated language;
Figure 4 shows the 32 companies that submitted the completed questionnaire
grouped in industrial sectors.
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Figure 4; Respondents grouped in industrial sectors
The industries included in the survey are all potential users of MC, and the
response reflects the number of invited companies in each sector.
Findings and discussion
The survey revealed interest and possibilities for Mass Customization in the
Norwegian industry.  But, data analysis suggested that there is a spread in
answers within some of the topics investigated, and in this section, major findings
from the results are discussed.
Many of the responding companies all ready perform according to the MC
strategy, and a proof of this existing MC capability can be interpreted from the
answer of 70,6% of the respondents, when they claim that their products are
customized to individual customers to a great or medium extent already. Also,
35,3% says that they will provide more customization in the future whilst 55,9%
answers about the same.  This indicates that roughly 90% of the responding
companies actually have plans for their development within this field.  The fairly
high number leads to one of the main conclusions from this survey; mass
customization is a relevant business strategy in Norway.  Furthermore, 61,8 %
says that modular product architectures are important for the success of their
business unit today. The correlation between these two answers strengthens the
impression that MC can play a vital role in the manufacturing companies of the
western economy.  But, at the same time, as much as 70,6% of the responding
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companies states that price is more important than differentiation in their
business. The textile industry plans to offer less customization in the future,
whilst the furniture and technology companies will offer the same or more. There
are only minor differences between the industries that participated.
Knowing this, the study of possibilities for excellent MC performance amongst
the respondents in more detail was interesting. This includes market
characteristics such as change rates in customer’s needs, development of product
portfolio over time, degree of customer integration in processes, and changes in
market demand.  45,5% of the respondents uses common components in many of
their products, which indicates that this part of the internal prerequisites for MC
to some extent is taken care of. The demand for the product is stable and
predictable to a great or medium extent for 85,3% of the companies, and 73,5% of
the companies thinks that their customers’ needs change slowly. This can be
interpreted as a good situation in one way, having control of the market changes.
But, on the other hand, with too little involvement in this from the market, one
might question the future for MC in this particular segment. 87,8% of the
companies claims their product family increases (proliferates) only to a medium
or small extent, sort of confirming that many customers seems to be satisfied with
the situation as it is, but 50% of the companies are aware of design areas where
customers desire more choices, 17,6% are not, and 32,4% answer that they are
afraid their customers might be overwhelmed. So, even if the figures are showing
somewhat different trends, one possible conclusion is that most manufacturers are
aware of the problems that might encounter from increasing the product portfolio,
and seems to be controlling this by not offering all sought solutions. We cannot
state that the companies are taking old products out of their portfolio as new ones
are introduced into it, but this is likely to be part of the explanation too. The
furniture industry has shortened the time to market (product development) more
than the other industries.
Do the companies involve customers and suppliers in their processes to form
an effective supply chain? Yes, 85,3% says customers influence product
development to a great or medium extent, and 73,5% claim that strong
relationships with a few large suppliers have been built. This shows that also this
prerequisite for professional MC performance to some extent is already fulfilled.
Normally these relationships are established over time, and knowing that they are
needed might seem as an obstacle to achieving quick results from this strategy.
Hence, it is regarded a significant advantage to have these relationships
established.  In spite of increasing customer participation in product development,
time to market is quicker today than a decade ago for more than 94 % of the
companies.
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The survey revealed some weaknesses in the companies’ processes, especially
with respect to their ICT systems. The participating manufacturing companies
have a potential in their ICT systems to improve their MC capability.  Only 5,1%
of the respondents, claims their ICT systems are integrated with the rest of the
supply chain actors all the time. For 14,7% this is true most of the time, for 50%
sometimes, and for 29,4%, the systems are never integrated.  This input implies
that the processes have a potential in being leaner, some work is most probably
done several times by two or more actors. Information must be shared and reused
for the supply chain to be fast and able to compete with mass producers on cost
efficiency.  Furthermore, customer orders are stored in a database to a great extent
only for 58,8% of the respondents, to a medium extent for 23,5%, and to a small
or no extent for 17,7%.  This implies that re-sales are just as comprehensive as the
first sale, and customer’s loyalty are at risk.  Only 8,8% uses the preferences and
experiences of each customer (stored in the database) to customize future
products to a great extent. This is done to a small or no extent for as much as
44,1% of the respondents.  Only 20,6% utilizes extensively analysis of customer’s
orders to generate shop orders, update inventories, issue purchase orders and
compute expected order fulfillment costs and dates for customers. Also 17,7,2%
has integrated systems that allow equal access to forecasts, inventory status and
point of sales data often or at all time.  For as much as 35,3% of the respondents
this access never exists for all supply chain partners. These figures imply that the
development and usage of modern ICT systems and solutions are
underdeveloped.  This is surprising taking into account that Norwegian industry,
and society in general, to a high degree have ICT technology and infrastructure
available compared to other regions.
People are key resources in complex manufacturing situations. This is pointed
out as an advantage the western economies still have over the low cost countries,
and the survey revealed interesting insight into this topic. It seems that employees
to some extent are capable of exploiting the potential of MC, but they are not
always empowered to. This can be seen from findings like;
· Workers are always involved in development and improvement work in
20,6% of the companies, mostly in 26,5%, sometimes in 50% and never in
2,9% of them
· The workers are offered cross training in multiple skill areas always in
17,6% of the companies, mostly in 20,7%, sometimes in 58,8% and never
in 2,9% of the companies
· Peoples skills and experiences are available across the company to a great
extent for 17,6% of the respondents, to a medium extent for 52,9%, and to
a small or no extent for 29,5%
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The results shows that in spite of existing MC capabilities, the companies still
have a considerable potential in exploiting their human capital. Excellent
performance include robustness against loss of key recourses, and multi-skilled
employees represent more flexibility with respect to changing customer orders
and the need to move capacity accordingly. Companies must seek to empower
their work force to a greater extent than what we see today.
Mass customization is the answer to situations where one earlier had to choose
between price, customization and delivery time as the major performance criteria.
Today, the awareness of MC having this role is high, but still 70,6% states that
price is more important than differentiation in their business. With this finding,
the respondents signal that other strategies but MC are important too.  These
could be mass production or lean manufacturing on one side, or one-of-a-kind
production on the other end of the scale.  In this survey 20,6 % of the companies
characterize their production as full mass production, 20,6% consider it to be
more mass production than one of a kind, 55,9% claims it is more one of a kind
than mass production, whilst 2,9% has totally one of a kind production.
In order to understand what kind of customization the companies offer, the
survey asked them to indicate at what process stage it is introduced. For 16,13%
of the companies the customization is introduced in the marketing, for 24,19% it
is in the development and engineering area, and for 24,19% it is in the component
manufacturing. 24,19% claims it is in the assembly, and it is done in the
delivering processes for 11,29 of the companies.  The main processes seem to be
component manufacturing and assembly, which is no surprise taking into account
which processes the companies fully controls themselves. Some companies
answer multiple answers in this question, just to secure more answers.
Another interesting reflection from the companies, is that 60% of the
respondents claims their customers are influenced by pre- and post sales services
when choosing products and suppliers.  This indicates that these topics must be
addressed in order to reach the customers, and according to theory, it will at the
same time contribute to shift the company’s economy up one level, from
manufacturing towards services. This shift is necessary for a quicker development
of your business (Pine and Gilmore, 1999).
The survey contains more information and observations and might form the
basis for future investigations and papers.
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Conclusion
The main conclusion from this work is that the mass customization strategy all
ready exists in the Norwegian manufacturing industry, and there is yet a greater
potential for it. Major prerequisites are already achieved, but also some
challenges are detected.  Sub-conclusions include;
· Robust design and modular architecture are important means to achieve
mass customization
· Two of the most interesting improvement potentials for better MC
performance are within the people and ICT topics
· The companies are not solely interested in MC, other strategies, such as
low price, is also important
· Companies claim that customization will be more important than variation
in the future
The work has given insight and experience into the field of operations
management. The challenge on how to keep the manufacturing industries in
countries with developed economies can be met with employing mass
customization.
It is hard to get sufficient participation in surveys like this one from the
companies, but it is possible if the work load is not to big and reminders are sent
out.  We want to thank all participants for making this work possible.
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Abstract. A previous study on the customer preferences of Quad Play offering case has 
shown that the ease-of-use, convenience and interoperability of devices produced in a 
total offering are as strong as or even stronger value components than price. These 
value components are not directly linked to any single source of value as a certain device 
or a service module. This phenomenon is referred to as ‘systemic customer value’. As 
different customer preference classes eventually have shown up in the field studies, the 
paper demonstrates how mass customization approach can be utilised in creating 
systemic customer value for integrated offerings.  
Keywords. Customer value, Mass customization, ICT, Integrated offerings. 
Introduction 
Contemporary management topics in mature ICT markets in the new services area 
relate to the combining of existing products in bundles. Further, content and 
applications drive the consumer consumption behaviour, manifested in 
established digital stores. Major equipment vendors and operators are moving into 
areas of content and applications. They attempt to create advanced value systems, 
based on one or more devices that interoperate and are connected to Internet-
based, value-added services. Bundling services does not necessarily decrease the 
freedom of choice from the customer perspective; it may improve customer 
satisfaction because of the frustration a customer feels due to excessive choice or 
variety. Setting the right degree of customization and carefully selecting the 
options for customization are crucial for mass customization success (Piller & 
Seppänen, Mikkonen & Pynnönen: MC for Advanced Integrated Offerings… 
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Kumar, 2006). In our study, we focus on mass-customization challenge in 
advanced integrated ICT offerings and of the phenomena of systemic customer 
value i.e. value creation that emerges through features or functionalities effecting 
the entire system or being attached to entire system. One term that is used to 
describe these phenomena is “complementarities between products and services 
for customers (vertical versus horizontal)” (Amit & Zott, 2001) but that concept 
has its limitations to cover the perception level issue in customer value creation 
process in the case of integrated offerings. 
Theories explaining customer value perception of a single product or service 
exist (Khalifa 2004, Woodall 2003, Lapierre 2000, Parasuraman 1997) but an 
explicit theory on value creation concerning customers experiencing a digital 
entity consisting of a more complete set of digital tools connected to digital 
channels is lacking. Recent field studies with Analytical Hierarchy Process (AHP) 
methodology on customer preferences of Quad Play offering show that ease-of-
use and convenience produced in the offering are as strong as or even stronger 
value components than price (Mikkonen, Hallikas & Pynnönen 2008, Pynnönen 
& Hallikas 2008).  
The power of the systemic customer value element drives the consumer to 
purchase the whole offering from one provider, and search for further products 
and services first from that specific provider’s sales channel. Enriching 
communication with added information about the conversation topic and the 
situational context of the participants is estimated to add value to the basic 
communication and these new functionalities deserve to be tested as part of the 
entity. The end-user does not necessarily know what an instant connection will 
cost; therefore, he/she may limit use to levels that do not necessarily bring the 
optimal additional value. Perceived risk is often considered higher than the total 
costs. Regarding cost measurements, the key for the user is to obtain information 
on the costs of mobile data connection. This information should be as close to real 
time as possible. This perceived risk for cost emphasizes the potential interest and 
demand for fixed pricing models and new ways to control incurring costs, in 
which area, the preferences and importance should be tested. According to a 
mobile e-commerce study by Wu and Wang (2005), the factors with a direct and 
significant effect on behavioural intention to use are perceived risk, cost (negative 
effect), compliance with user values and interests and perceived usefulness. Ease 
of use has a direct affect on perceived usefulness, and only through that is there 
an indirect effect on behavioural intention to use (Wu & Wang 2005; Koufaris, 
2002). Further, perceived ease of use has a direct and significant effect on 
behavioural intention to use in the pre-implementation test (little or no direct 
experience with a particular system), but little influence on intentions over a 
longer time period, after experience to the specific system (Venkatesh 2000, 
Venkatesh & Davis, 1996).  
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In this paper, we understand the service innovation as new or improved 
business concepts and models. Service innovations are created not only inside a 
single firm but also between several firms (Shapiro & Varian 1999, Fjeldstand & 
Haanes 2001; Chesbrough 2003). Furthermore, service innovation can reach the 
market from inside or outside the firm. Generally, collaboration in a business 
network that produces value generates better innovations and more value to 
customers (Bovet & Joseph 2000; Cartwright & Oliver 2000; Tapscott, Ticoll & 
Lowy 2000). To ensure the creation of services that fit customer needs and create 
maximum customer value, the customer viewpoint should be taken into account 
in the early stages of business planning. Users, in the user–producer relationship, 
tend to invent most of innovations. The risk is lowest for the user, and the user 
faces the actual problems to solve (Rosenbauhm, Rohn & Humburg 2000, 
Schmitt 2003, Weterings & Boschma 2009).  
The objective of this paper is to explore the specific effects of perceived 
systemic customer value produced in a mass customization environment, focusing 
the area of integrated ICT services. The paper is based on empirical results 
presented in our previous paper, and in this paper we first briefly describe the 
empirical context how we acquired these results, and then we continue by 
developing and discussing about several implications both practice and theory. 
Empirical insight on phenomenon 
Our previous paper in ISPIM 2009 explains the constructive customer-driven 
process developed for building a targeted, integrated offering from an incumbent, 
integrated operator’s point of view (Mikkonen et al., 2009). In the following, we 
only shortly describe that process for the purposes of this paper. The method 
discussed was originally created in order to detect segments that could have new 
potential demand for integrated offerings. Using the best segmentation available, 
including variables such as values, lifestyle and communication usage, we created 
a systematic process to run segment-based field study and analysis. For usage of 
the process presented, one must rely into the operator’s segmentation model and 
run the steps defined. Naturally, the result did not expose the exact truth about be 
a precise predictor of the future, which would be impossible, but provided a solid 
picture about the potential value drivers in each case.  
We used the ‘quadruple play’ or Quad Play as a foundation for the advanced 
integrated offering proposed. In the Quad Play, the customer is offered a set of 
telecommunication services as Mobile subscription, Broadband subscription, IP-
based television (IPTV) and Fixed Telephony (as a Voice over IP network 
solution). On that simple bundle, we progressively built a virtual advanced 
offering, wherein we put various new functionalities and entertainment. The 
importance of these was then determined by the customers. The target customers 
of one all-services operator were requested to subjectively estimate their current 
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and future usage, current consumption, price they would be willing to pay, recent 
equipment purchases delaying purchase decision and general and purchasing 
interest towards an offering. Customers were also asked to answer open questions 
about the perceived benefits and fun created through that virtual offering. 
For this inquiry, we had created a framework enabling us to distinguish 
necessary correlations between different new functionalities. The framework had 
been created through a handful of extensive workshops with the operator 
company’s professionals in R&D, Marketing and Product Management, thus 
covering most of the aspects for future development. To build a proper survey 
instrument, we translated many technical terms into simpler language, which 
could produce valid data for further analysis. This part of the process was time 
consuming, but played a central role in acquiring valid information. More detailed 
results, see Mikkonen et al. (2009). 
Discussion and propositions for managerial guidelines 
In the following, we discuss about some preliminary thoughts based on the results 
mentioned above. It seems that some functions of the offering are related to other 
functions by individual experience and seem to be allowing the systemic nature of 
the offering. In other words, systemic value can be created with such service 
elements that connect the other elements of the offering i.e. value creation that 
emerges through features or functionalities effecting the entire system or being 
attached to entire system. However, in order to create systemic customer value, 
the integrating service element(s) has to increase benefits in the form of customer 
satisfaction and service quality. Lovelock (2001) lists the following benefits of 
customer satisfaction and service quality: 
 
• Insulates customers from competition 
• Creates sustainable advantage 
• Reduces failure costs 
• Encourages repeat patronage and loyalty 
• Enhances/promotes positive word of mouth 
• Lowers the costs of attracting new customers 
 
Further, Parasuraman et al. (1985) have defined ten elements of service quality: 
reliability, responsiveness, competence, access, courtesy, communication, 
credibility, security, understanding the customer and tangibles. They were 
combined into the five dimensions of SERVQUAL: 
 
• Tangibles: appearance of physical facilities, equipment, personnel and 
communication material 
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• Reliability: ability to perform the promised service dependably and 
accurately 
• Responsiveness: willingness to help customers and provide prompt service 
• Assurance: knowledge and courtesy of employees and their ability to 
convey trust and confidence 
• Empathy: caring, individualised attention the firm provides its customers 
 
The reliability component involves consistency of performance and 
dependability, which means that the firm performs the service right the first time; 
it also means that the firm honours its promises—accuracy in billing, keeping 
records correctly and performing the service at the designated time (Parasuraman, 
Zeithaml & Berry 1985). The most prominent theory to further clarify the 
systemic customer value phenomenon builds on the consistency element from the 
SERVQUAL model applied to convenience and ease-of-use observed in the 
general level of the offering i.e. in the total perception of package.  
The concept of consistency is discussed here in broad sense as it describes the 
similarity and/or familiarity between the qualities of different components of an 
integrated offering. It consists of the consistency of user experience, for instance 
having to type only one password and receiving then access to all needed services 
in the Internet, and the consistent saving of time (when performing this repetitive 
task), and convenient feeling of trust (knowing that you do not have any more 
pieces of written password notes around the desk). Thus, a customer not doing 
something actually creates value by enhancing trust, saving time and aligning user 
experience logic for different devices. In summary, we discuss here more 
thoroughly the following managerial implications, based on combining mass 
customization ideology and theory development for systemic customer value. 
The points of common uniqueness reveal where every customer is not the 
same. It is at these points that traditional offerings designed for average 
requirements, create customer sacrifice gaps: the difference between company’s 
offering and what each customer truly desires (Gilmore & Pine, 1997). The key to 
mass-customizing effectively is postponing the task of differentiating a product 
for a specific customer until the latest possible point in the supply network (a 
company’s supply, manufacturing, and distribution chain). Three organizational-
design principles together form the basic building blocks of an effective mass-
customization program (Feitzinger & Lee, 1997): 
1. A product should be designed so it consists of independent modules that can 
be assembled into different forms of the product easily and inexpensively 
2. Manufacturing processes should be designed so that they, too, consist of 
independent modules that can be moved or rearranged easily to support 
different distribution-network designs 
3. The supply network – the positioning of inventory and the location, number, 
and structure of manufacturing and distribution facilities – should be 
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designed to provide two capabilities. First, it must be able to supply the basic 
to the facilities performing the customization in a cost-efficient manner. 
Second, it must have the flexibility and the responsiveness to take individual 
customers’ orders and deliver the finished, customized goods quickly.  
 
Understanding the related transformation requirements of an integrated operator 
and its already established rigid business model relying on significant investment 
of rather standardized networks and system architecture, we see the constraint in 
an operations function from internal flexibility perspective (Åhlström & 
Westbrook, 1999). Having an established mobile and broadband business 
model(s) to run, operators are often in a phase of continuous improvement as an 
organization. The leap from there to the mass-customization involves always 
some kind of business model transformation, and requires already achieved high 
levels of quality and skills and low costs (Pine II et al., 2000).  
This starting point suggests advancing with a mixture of certain types of mass-
customization, which do not require large changes in production architecture, but 
offer still competitive benefits of mass-customization to match unique needs of 
consumers. First approach is the collaboration with customers to help them to 
articulate their potential needs to find out precise offering that fulfils their needs 
(Gilmore  & Pine II, 1997).  
From the survey conducted, we could conclude that most of order-winner and 
order-qualifier functionalities were favoured across the segments, potential 
customer forming the self-standing segment apart. The most critical sacrifice gaps 
can be located to the fact that when selling bundles of products, operators cannot 
manage terminals sufficient enough to offer customers a fluent, seamless 
experience in communication and information processing. This was visible in 
observed frustration regarding to starting configurations, non-consistently 
operating software and applications, non-consistent usage logic between devices, 
various passwords etc.  
As an advanced integrated offering is rather complex entity, the sales person at 
the point of reception needs to be skilled enough to help customer to adapt and 
alter the offering environment. This suggests us to a direction of an adaptive 
customization: offering one standard, but customizable, product that is designed 
so that users can alter it themselves (Gilmore  & Pine II, 1997).  
As operators cannot invest on the equipment development, in order to benefit 
systemic customer value they would require equipment vendor collaboration as a 
supply network which could, in configuration collaboration, produce an 
attractive interoperable device and service ecosystem at reasonable price. 
Capability to do so depends on capability to co-design and even coproduce 
products with customers, which further provides mass customizers with the 
ability to capture valuable new knowledge (Pine II et al., 2000). The work process 
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towards the starting point of mass-customization of systemic customer value is 
described as follows: 
  
1) Identify sources for systemic value by measuring expected general level ease-
of-use and convenience experience for existing customer segments, by 
proposing different offering-wide functionalities or applications to 
customers, and understand the correlations of the willingness to pay and 
purchase interest with the dimensions of systemic customer value, in terms of 
consistency, and prioritize order winners by segment (Mikkonen et al., 2008). 
2) Connect together with other demand factors, as necessary order qualifier 
features and functionalities and device-specific demand, to complete offering 
plan.  This is a competitive capability of an organization, centrally managed, 
still requiring a dynamic network of relatively autonomous operating units 
(Pine II et al., 2000, p. 109). 
3) Develop an assortment matching in which software automatically builds 
configurations for customers by matching models of their needs with 
characteristics of existing sets of options (Salvador et al., 2009).  
4) Identify and modularize processes where these functionalities are produced in 
company’s internal process and external value network (Pine II et al., 2000, 
p. 115). 
5) Create a modular architecture that permits rapid integration of the best 
combinations or sequences required to tailor an advanced integrated offering 
(Salvador et al., 2009). 
6) Align the supply network to be able to supply basic product to the facilities 
(at point of sales) performing the adaptive customization in a cost-effective 
manner (Feitzinger & Lee, 1997, p. 117). 
7) Construct the supply network in a manner that it includes the flexibility and 
the responsiveness to take individual customer’s orders and deliver the 
finished, customized goods quickly (Feitzinger & Lee, 1997, p. 117). 
 
Conclusion 
The goal for this paper was to describe the effects of mass customization on 
development of advanced integrated offerings. Based on our previous studies, we 
developed a seven-phase process for mass customization of systemic customer 
value in which a firm can reap advantages of mass customization while not 
destroying customers’ perceived value of an integrated offering. These findings 
might also pave way for further research by showing inadequacy of current 
knowledge in responding these challenges.  
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Abstract
Mass customization is redefining firm strategies as well as consumer expectations and
consumption. This paper tries to understand the trade off relationship between brand and
mass customization, that is, to understand which of them is the antecedent. It aims to
apply the hedonic and utilitarian value dimensions to better understand the brand effect
which, on the one hand, could mitigate the effects that mass customization could provoke
(i.e. the complete elimination of the brand), and on the other boost the positive and
sensorial effects.
The paper develops a series of research hypotheses on the brand effect on consumer
choice and then a model that aims at measuring the consumer propensity to brand or
mass customization and their reciprocal effect.
Keywords: brand, mass customization, product key attributes.
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1. Introduction
The current socio-economic scenario, strongly characterized by hyper-competition
and constantly changing dynamics, latent needs and the dark side of the market
(Schreirer, 2006) are pushing firms towards new strategies and approaches in
order to win customer preferences and maintain stable relationships with them
(Veloutsou, 2007). In such a scenario, just one attribute can generate a wide range
of choice, due to the different possible combinations. However, not all the
demand is satisfied (Schreirer, 2006). The variety strategy does not often result in
a profitable strategy, because of the consequent increase in unit costs that are too
substantial for demanding and price-conscious customers (Piller et al., 2000).
Most of the new products suffer from a very low customer fit (Cooper, 1999;
Shankin and Ryan, 1984), which usually bring them to failure.
The mix of customization, differentiation and cost efficiency, namely the
three levels of mass customization strategy (Piller and Muller, 2004), enables
firms to manage and satisfy the dark side of the market (Addis and Holbrook,
1999; Franke and Shreirer, 2002). Consumers, then, represent a source not only of
profit but also of new ideas (von Hippel, 2002). Companies through mass
customization are able to provide customers with exactly what they want at
reasonable prices, and thus firms have to integrate in their structure flexibility,
timeliness and variety, which provide a quick response to customer needs at a low
cost.
As the awareness and popularity of the mass customization concept
continued to grow, researchers began to explore and classify the different
approaches to mass customization: different firms in different industries will
develop different approaches, each requiring a different organizational
configuration. In fact, the number and categories of highly customized and
customizable products is wide, from sneakers to coffee, from dental products to
newspapers, from vitamins to bicycles, from cars to golf clubs, from eye glasses
to cosmetics, from vacations to greetings cards. On the other hand, various
examples of failure exist and many concepts need to be developed.
This paper tries to understand the trade off relationship between brand and
mass customization, that is, to understand which of them is the antecedent. It aims
to apply the hedonic and utilitarian value dimensions to better understand the
brand effect which, on the one hand, could mitigate the effects that mass
customization could provoke (i.e. the complete elimination of the brand), and on
the other boost the positive and sensorial effects (Mick and Fournier, 1998;
Chernev, 2004). Two questions are addressed: (1) Which is the role of brand in
mass customized context? and (2) Is mass customization a booster of the brand
positive effects? Does mass customization affect brand attachment? In particular,
what is the role of the brand with respect to its influence in shifting customer
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preferences from the technical performances (tangible elements) to the
emotional/symbolic ones (intangible elements)?
These issues are investigated on the basis of the following concepts drawn
from the literature: (1) very few products are bought to satisfy basic needs, most
purchases reflect social objectives and values (Grant, 2002), (2) consumers
achieve different type of objectives through hedonic and utilitarian benefits
(Chernev, 2004), (3) brand is a strategic asset and a powerful source of
differentiation which plays a critical role in marketing strategy (Lim and O’Cass,
2001), (4) the flexible manufacturing and information technologies enable mass
customized firms to deliver higher variety at lower cost, answer the increasing
demand for product variety and customization (Vesanen, 2007).
The paper is organized as follows: section 2 describes the context in which
the model has been developed; section 3 presents the research propositions and
finally section 4 offers the conclusions.
2. The theoretical basis
Since competition is constantly increasing and becoming global, many studies
claim that the more a company is able to deliver customized goods on a mass
basis, the greater would be its competitive advantage (e.g., Pitt et al., 1999; Duray
and Milligan, 1999). In such a scenario, customer demand heterogeneity and
technological advances force firms to develop an orientation to manage the high
level of interactivity between customers, firms, and customers and firms (Yadav
and Varadarajan, 2005; Miceli, Ricotta and Costabile 2007). The competitive
advantage derives from the interaction and the consequent profitable customer
relationships (Rayport and Jaworski, 2005). These changes in the competitive
arena identify a lean consumption model (Womack and Jones, 2005; Moutinho,
2007), in that, on the one hand, customers expect firms to increasingly customize
their products to match their needs and, on the other, companies are pushed to
produce superior, different products and thus interact successfully with their
individual customers.
All that said, mass customization, as a systemic idea that covers all the
aspects in the path from production to consumption (Kay, 1993; Jiao et al., 1998),
is a profit-taker strategy that results in different types of businesses focusing
alternatively on operations or strategic attributes (Spring and Dalrymple, 2000).
However, not all firms can succeed in mass customization, due to the complexity
of its implementation, to market and customer conditions: the product variation
needs to create real value for customers.
The superior value, generated by being integrated in the firm’s value
chain, positively affects customer loyalty through customer knowledge deriving
from the direct relationship created. The value is given by the trade-off of all “get
and give-components”, perceived as benefits and costs (Chen and Dubinsky,
Petruzzellis and Iudice, To brand or not to brand?
Submitted to 5th World Conference on Mass Customization & Personalization MCPC2009 4
2003). The product consistency with the ordered specifications and brand image,
as a trust building tool, enable firms and customers to reduce uncertainty and
appreciate the innovative and customer-oriented approach. The customization of a
product’s form enhances customers’ aesthetic value while the customization of the
product’s fit, functionality, and modality usually leads to functional customer
benefits, e.g. time savings, convenience/fit of product with user’s size
(Petruzzellis and Somma, forthcoming).
Utilitarian vs hedonic behaviour
Literature highlighted that consumption is mainly driven by two motivations: a
product-oriented (utilitarian) motive and/or an experience-oriented (hedonic) one
(Holbrook and Hirschman, 1982; Babin et al., 1994). Consistent with previous
research in marketing (Batra and Ahtola, 1990; Dhar and Wertenbroch, 2000;
Okada, 2005; Chitturi et al., 2007, 2008), the term ‘utilitarian benefits’ refers to
the functional, instrumental and practical benefits of consumption offerings, thus
they are perceived as being closer to necessities or needs. While the term ‘hedonic
benefits’ is referred to their aesthetic, experiential and enjoyment-related benefits,
as they are perceived as being closer to luxuries or wants. This reflects two
contrasting paradigms in consumer behaviour theory; the information-processing
paradigm (e.g., Bettman, 1979) and the experiential one (e.g. Hirschman and
Holbrook, 1982; Holbrook and Hirschman, 1982). The former identifies an
objective, rational and problem solving behaviour. Thus, brand trust may be
greater when the utilitarian value in the product category is high in terms of
tangible product attributes, such as quality or convenience. The latter, instead,
characterises consumer behaviour with more subjective, emotional and symbolic
aspects. In this case intangible, symbolic benefits encourage a greater brand
affect. The more the delight the more favourable the affect toward the brand
consumed (Chaudhuri and Holbrook, 2001).
These two aspects of consumption are widely accepted as basic and
fundamental descriptors of product category characteristics (Chaudhuri and
Holbrook, 2001). In fact, numerous studies have attempted to measure them
(Batra and Ahtola, 1991; Babin et al., 1994; Spangenberg et al., 1997; Okada,
2005). For instance, Chitturi et al. (2007) maintain that consumers attach greater
importance to the hedonic dimension, only after a ‘necessary’ level of
functionality has been satisfied. Conversely, consumers attach greater weight to
the utilitarian dimension, unless they believe that they have ‘earned the right to
indulge’.
Therefore, consumers choose products according to the relative benefits
they get from both hedonic and utilitarian aspects of the products; the former
primarily in the form of experiential enjoyment and the latter in practical
functionality (Hirschman and Holbrook, 1982; Batra and Ahtola, 1990; Mano and
Oliver, 1993). Many studies on the utilitarian vs hedonic benefits (Kivetz and
Petruzzellis and Iudice, To brand or not to brand?
Submitted to 5th World Conference on Mass Customization & Personalization MCPC2009 5
Simonson, 2002; Voss et al., 2003; Chernev, 2004; Okada, 2005; Chitturi et al.,
2007, 2008) demonstrated that in choice tasks, consumers will prefer the option
that is functionally superior. In contrast, in evaluation tasks, since consumers do
not feel pressed to favour the functionally superior option, they will prefer the
hedonically superior option. Therefore, utilitarian and hedonic consumption
behaviours are both discretionary. The difference between them is a matter of
degree and perception. Hedonic benefits are more difficult to evaluate and
quantify than the functional ones. Consequently, it is more difficult to justify
spending on hedonic goods and easier to justify spending on utilitarian goods
(Prelec and Loewenstein 1998).
As consumers buy products not only for their material utilities, but also for
the symbolic meaning associated to their images (Xue, 2008; Elliot, 1997), the
impact of products’ symbolic meaning is strongly correlated to the
interrelationship between the perceived product image and the buyer’s self-
concept (Zinkhan and Hong, 1991). In fact, consumers nowadays try to attain
social belonging through buying particular products (Jiang, 2004).
Branding implications
Brands can be powerful symbolic products, having considerable social impact,
and provoking considerable loyalty (Muniz and O’Guinn, 2001; Holt, 2004).
Brands that are characterised by widespread consumer awareness and positive
associations affect their social contexts. Strong brands have considerably more
power to consumers than their ability to distinguish an offer from those of
competitors since they also show additional effects (Kay, 2006).
The product experience results in the active construction of meanings
associated with the behaviours, thoughts and feelings that occur during
consumption (Padgett and Allen, 1997), which consequently impact on consumer
perceived brand image.
Brand literature (e.g. Aaker, 1996; Keller, 1998) considers products as a
bundle of product-related attributes, which are essentially defined as the
components of the core product function sought by consumers, and non-product-
related ones, which are external to the function or process of the product/service
offering. In particular, the Keller model reflects a customer focus on the
functional, emotional and self-expressive benefits of brands. Academic research
also reflects the growing importance of combining function (the utilitarian
aspects) with form (the hedonic aspects) (Veryzer and Hutchinson, 1998; Voss et
al., 2003; Chitturi et al., 2008). Indeed, some product categories are more
sensitive to brands than others according to the brand strength in assuring
satisfaction and developing a certain identity (Riezebos et al., 2003).
Two major components of brand knowledge, namely brand awareness and
brand image are identified as crucial to successful brand building (Keller, 1993;
Aaker, 1997; Berry, 2000). The former is reached through the presentation of the
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corporate brand, i.e. advertising, firm name and logo, while the latter through
external brand communications, i.e. word-of-mouth and public relations, which
are essentially not controlled by the company (Berry, 2000). To gain customer-
based brand equity the consumer must be aware of, and familiar with, the offering
(brand awareness), and hold brand associations that are strong, favourable and
unique in comparison with other brands offered in the same category (brand
image).
3. The research propositions
A customized product offers utilitarian and hedonic benefits based on (1) a better
fit, (2) product uniqueness, (3) prosumption expertise, (4) pride of authorship
(Shreirer, 2006).
Supply
Response
(satisfaction
 for experience)
Demand
Product
(buy again)
(back to standard)
(set best fit)
MC Market
Figure 1: The MC Market
However, branding and mass customization strategies seem to be
compatible in the sense that mass customization supports consumer identity
projects, which is obvious in the case of a strong brand. The issue is represented
by the boundaries between the two dimensions (brand and mass customization).
The complexity of the customization process, the self expressive value and the
functional value affect mass customization evaluation and, then, the behavioural
intentions. As brands help consumers in appreciating the offer and establishing a
long lasting, trust-based relationship, mass customization positive effect
strengthens the uniqueness and differentiation objectives of a company. However,
mass customization could be a tool for getting or improving the knowledge of a
mass market.
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On the other hand, the threat of switching brand/provider is twofold;
unsatisfied consumers could shift to another mass customized product or to a
traditional one, either one size fits all offers or one size fits one segment ones
(Simonson, 2005). Then, consumers are willing to pay a price premium both for a
branded product and for a customized one, since the they can appreciate an
increase in the consumption utility. However, the cumulative premium price can
exceed the consumer opportunity price, thus preventing them to access the offer.
Therefore, along the decision process of a customized offer, the brand effect and
the customization one will either mix together or compensate or boosting
(Simonson, 2005).
According to the Simonson’s process model, the following hypotheses are
developed:
Preference development
In this phase brand image can generate a number of interpretations that range
from emotional to rational attachment. Therefore, in relation to the preference
stability and to how consumers develop their preferences, brand and mass
customization strategies are compatible. Such a compatibility is given by the
relation among the brand versatility, preference stability and the way customer
preferences are developed.
H1: This relationship affects the consumer opportunity to choose a customized
product over time. This compatibility could change if consumer develops
preferences after the first purchase.
Evaluation of the offer
Customized offer
A customized product, by its very nature, is superior in terms of product fit. A
strong brand represents a guarantee of the consumption and of the customization,
thus boosting its effects.
H2: Adding a mass customized product in the brand portfolio implies a
differentiation strategy within the portfolio (i.e., new or revisited logo/brand,
different distribution channel and communication strategies).
However, not all the brands are revisitable.
H2a: In case of products based on typical/traditional values and/or production
process, the choice between revisiting or maintaining the brand depends on
the dimension of the negative effects the two options create.
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Key preference fit.
Customer preferences could be suitable for many other or idiosyncratic. Kivetz
and Simonson (2003) show that idiosyncratic preferences play a key role and tend
to be overweighted in consumer decision (Simonson, 2005). Brands have values
and dimensions that contribute to satisfy specific preferences.
H3: The distribution of the utility of a specific key preference or of a category of
key preferences identify the share of the dark side of the market and the
dispersion of the key preferences.
H3a: The dispersion of the key value or of the set of key values measures the
brand versatility.
H3b: The above mentioned dispersion measures affect the brand success
probability in a MC environment.
As regards the factors that influence the choice:
Price/Quality level
The attractiveness of a mass customized offer is linked to the added value it
provides to the customer. The best fit effect regards the attributes that can be
customized (thus individually chosen). As consumers tend to upgrade their
choices (Health, 2000), such a tendency is positively correlated to brand trust.
H4: Branding a customized offer is positively correlated to the “better switching”,
where brand image represents the manufacturer credibility.
H4a: Branding a customized offer is negatively correlated to the consumer choice
options if they can choose a branded product with higher price/higher
quality.
Risk/Return level
If the manufacturer is credible, consumers are more prone to shift from a low
risk/low return product to a high risk / high return one (Simonson, Kramer and
Young, 2004). In the case of customized offers, the risk level is higher than a
standard product.
H5: In mass customized environments the higher the brand credibility the more
complex the purchase process.
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H5a: If the customized product has a brand with a risk/return level lower than the
one of a standard product brand, the consumer choice of the customized
product will drop.
Variety seeking.
In a mass customized environment the consumer seek for variety decreases the
choice set of a customized product. This phenomenon increases if the choice is
driven by attributes like taste and mood. Furthermore, the possibility to customize
a branded product represents a new alternative for consumers but does not satisfy
their need to vary if brand is important in connotation of product.
H6: Brand is negatively correlated to the attractiveness of a mass customized offer
when it is the main feature of the product. Since the brand values are stable in
time, brand represents a deterrent to the consumer seek for variety.
Luxuries/Necessities level
Consumers often choose between necessities and luxuries (Kivetz and Simonson,
2002) and always define luxuries as easy-to-justify-necessities (Simonson, 2005)
in order not to feel guilty about the purchase.
H7: Consumers do not invest in customizing a luxury product if they have already
satisfied the utility of the same standard branded product.
H7a: Consumers are willing to customize a branded product if they really need
that brand.
Response
After having experienced a mass customized product, a consumer can consider
his/her purchase as non convenient due to the following main reasons: (a) the bulk
of information required by the toolkit is considered as being a violation of the
choice variety; (b) The human presence can prevent consumers to express tastes.
H8: The brand exclusivity is positively correlated to the acceptance degree of the
bulk of information required.
H8a: The deeper the customization level, the bigger the avoidance of human help
in configuration.
The brand acts differently if its image is based either on emotional factors or
rational ones. In the first case, it is not compatible with a deep customization, thus
resulting as a homogenizing factor; while in the second case customization is
compatible with a brand image.
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3.1. Definition of the key preferences profile and of the key values
profile.
Let suppose that a brand with x attributes has been developed. Each of these
attributes contributes to creating consumer preferences, since they have varied
relevance in the consumers’ choice and evaluation process. Furthermore, each
attribute has a different development degree.
Attribute
Relevancy
(Design)
Attribute Development Degree
(Ranked Design Type)
Discrete         Modern        Extreme
Figure 2: Attribute dimension (example: Design)
Every consumer, consequently to a series of events (i.e., promotion,
experience, word of mouth), develops various values relative to each attribute of
the brand. These attributes are obviously linked with product. Each value is
differently perceived by each consumer, given a perceived connotation of Brand
for that value.
Petruzzellis and Iudice, To brand or not to brand?
Submitted to 5th World Conference on Mass Customization & Personalization MCPC2009 11
Value
importance
in Brand
Connotation
(Design)
Value Development Degree
(Perceived Design Connotation)
Discrete         Modern        Extreme
Figure 3: Value of attribute in Brand connotation (example: Design)
From the product attributes a key preferences profile (indicated by P)
relative to consumer preferences and a key values profile (indicated by V) relative
to consumer perception of the brand exist. Moreover:
- for each P an importance index Rp  and the attribute development degree Dp  are
defined;
- per each V an importance index Rv  and the attribute perception level Dv  are
defined.
Let consider that these values represent the following attribute distribution:
Value
Relevancy
Attribute
Relevancy
Value
N°
Attribute
N°
Perceived
Degree
Develop.
Degree
11
ii
XX
22
33
......
......
Attribute
N°
1
i
X
2
3
...
.. .
Product profile
Key preferences profile (P) Key values profile (V)
RvDv
Given nk the number of consumers in a k subset of an N population.
pd       pr
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In every subset we can figure out the expected value of a generic jP Î k, with
knj ££1 .
Let kP  be the mean preferences profile, so that:
k
n
j
j
kj n
P
PPE
å
=== 1)(
Let kC  be the weight of nk in N, then:
N
nC kk =
In every k subset the dispersion of Rp  and Dp  is measured compared to the
expected values Rp  and Dp .
Let Rjs  be the measure of dispersion of Rp  compared to Rp  for a generic
consumer j Î k:
( )
å
=
-
=
kn
j k
RjRj
Rj n
pp
1
2
s
This measure shows how each attribute or a set of attributes differ in their level of
importance for every consumer, compared to the expected value Rp .
Let Djs  be the measure of dispersion of Dp  compared to Dp  for a generic
consumer j Î k:
( )
å
=
-
=
kn
j k
DjDj
Dj n
pp
1
2
s
It shows how different the tastes for an attribute or a set of attributes are for every
consumer, compared to the expected value Dp .
Djs  and Rjs  are suitable for the entire market.
Def.: A Mass Customized (MC) environment  is a market in which the weight of a
generic P approaches to the unit ( Nnk ® ) and the supply tries to maximize
each single consumer’s satisfaction. In this case the expected values of Djs
and Rjs   are significantly high.
In every subset we can figure out the expected value of a generic jV Î k, with
knj ££1 . Let kV  be the mean values profile, then:
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k
n
j
j
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V
VVE
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In every k subset the dispersion of Rv  and Dv  compared to the expected values Rv
and Dv  can be measured.
Let Rjs ¢  be the measure of dispersion Rv  compared to Rv  for a generic consumer j
Î k:
( )
å
=
-
=¢
kn
j k
RjRj
Rj n
vv
1
2
s
The measure shows the different levels of importance for the value linked to the
product attributes for each consumer in the composition of brand image.
Let Djs ¢  be the measure of dispersion Dv  compared to Dv  for a generic consumer j
Î k:
( )
å
=
-
=¢
kn
j k
DjDj
Dj n
pv
1
2
s
This index shows how consumers perceive the brand image linked to the product
attributes and how different the general perception is for every attribute or a
significant set of attributes.
Def.: For a versatile brand the measure of dispersion Rjs ¢  and Djs ¢  is significantly
high. Consumers have different levels of perception of the brand image and
its values.
3.2 Brand Vs mass customization
If it is possible that a consumer strongly links the product perceived value to the
brand image , a consumer is driven by brand image in choice of preferences. This
could lead the customers to accept the product configuration that does not
perfectly fit their preferences.
Hp: Versatile Brands are suitable for MC market. This probability is due to the
dispersion of brand image (and perception of attribute) compared to
dispersion of preferences about product configuration. This plays a key role
in terms of customer satisfaction and attractiveness of MC branded products.
Let F be the index of brand profitability in a given market, such as:
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with r  and r¢  hypothetic coefficients to assess the dispersion indexes s  and s¢
for the calculation of a synthetic measure of dispersion.
4. Conclusion
Actually, mass customization is redefining firm strategies as well as consumer
expectations and consumption. Many different examples of mass customization
occur; for example, priceline.com and dealtime.com have customized the pricing,
thus customers specify their own prices and then try to locate providers who are
willing to sell at those prices; whereas Dell has established custom websites, as
well as automotive companies provide computer configurators to create a
customized car. In fact, managers recognise that it is not practical to market in an
individual way, especially when the firm has a large customer base (Coviello and
Brodie, 1998). Therefore, the marketing approach to the firm-customer relation
needs to be revisited to find the missed link to assist in the understanding of how
relationships develop (Veloutsou, 2007). Firms are trying to customize all the
aspects of their relation with the customers in order to individualize this relation
and gain more benefits through a direct interaction. Indeed, as customers gain
more control in the exchange process, companies can influence customer decision
making process and choice by providing relevant information and making it easier
and cheaper than the competitors.
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Sources of Innovative Opportunity and Mass-
Customization – An Analysis of EMF & Health 
Business Area 
Mikko Ahonen, University of Tampere, Finland 
Abstract. Systematic innovation means monitoring changes in existing business structures and early 
entrepreneurs often take risks in entering a new business area. Therefore, the Seven Sources of Innovative 
Opportunity, an innovation monitoring framework from Peter Drucker is presented. Within this paper we 
investigate how this framework is related to mass-customization and personalization. First we test this 
framework in real context by evaluating three health product companies and their innovation activities. These 
companies operate in a new business area called the EMF (Electro-Magnetic Fields) and Health. Recently, 
several scientists, governments and the European Parliament have emphasized precautionary principle and 
indicated health risks in mobile phones, base stations and other technologies. At the same time authorities 
and standard setting bodies (like ICNIRP, IEEE and WHO) have not officially recognized such risks. This 
tension provides a starting point for the evaluation. At the end of this paper we discuss how crowdsourcing 
and mass-customization toolkits could be utilized more effectively by entrepreneurs. Open innovation 
paradigm and the challenges in knowledge brokering in R&D are also introduced.  
 
Keywords. Open innovation, crowdsourcing, EMF, health, risk, management, entrepreneurship, intermediary  
1. Introduction 
Systematic innovation … consists in the purposeful and organized search for changes, and in the 
systematic analysis of the opportunities such changes might offer for economic and social 
innovation. (Drucker, 1985, 31) 
 
An entrepreneur looks at changes as a possibility for business. Even in a situation where health risks 
are addressed, like currently. In 2007 the European Environmental Agency recommended 
precautionary approach with wireless technologies and referred to conclusions of the BioInitiative 
report (EEA, 2007; BioInitiative, 2007). In 2008 the European Parliament commented that the 
existing ICNIRP guidance levels for non-ionizing radiation in base stations and mobile devices are 
‘obsolete’ (European Parliament, 2008). Russian National Committee on Non-Ionizing Radiation 
Protection (RNCNIRP) recommends maximum 3 minutes long mobile phone calls for adults when 
the device is pressed against the head (WHO, 2003).  
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These kinds of events provide a new start for R&D, production, marketing and mass-customization. 
In times of uncertainty, it is interesting to observe how companies are utilizing this kind of business 
opportunity. For this observation we will use an evaluation framework called the Seven Sources of 
Innovative Opportunity (Drucker, 1985). This evaluation framework will be presented in chapter 3. 
Thereafter, in chapter 4, we will introduce three companies (Gigahertz Solutions, EMFields and 
Maxicom) whose products are used to minimize risks in this new EMF & Health business area. To 
provide some additional information about EMFs and risk management, we will discuss about 
thermal and non-thermal views in the chapter 5. Case companies and their innovation opportunities 
are illustrated and validated with the Drucker-framework in the chapter 6. 
 
Since the evaluation framework of Drucker (1985) is rather old and not complete, we will also 
demonstrate how communities and crowds could be utilized in innovation activity and how this area 
is partly missing from the EMF & Health business. Pine (1993) describes mass customization as one 
type of production system where all the employees share the goal of developing, producing, 
marketing, and delivering competitive offering (i.e. combination of goods and services with some 
variety and customization so that valuable offering is developed). Lately, the importance of crowds 
in product design and product marketing is emphasized (Prandelli, Verona and Raccagnani 2006). 
Crowds are also emphasized in the Open innovation paradigm that assumes that firms can and 
should use external ideas as well as internal ideas, and internal and external paths to market, as they 
look to advance their technology (Chesbrough, 2006a, 16). For these reasons we will look at the 
emerging Open innovation paradigm, mass-customization and toolkits in chapter 7. This paper will 
end in conclusions and discussion.  
2. Research method 
Our study is a multiple case study including three cases. We chose our cases based on the available 
data as well as their appropriateness from the viewpoint of this study. The cases originate in 
different countries, e.g. one case is from Germany, one from the UK and one from Sweden. All of 
the cases are companies who have recently opened / will be opening Internet-based web shops and 
all of them have different backgrounds and objectives, and therefore they offer multiple views on 
the phenomenon. The data was gathered with multiple methods by using a triangulated research 
strategy, which means using different types of materials, theories, methods and investigators in the 
same study (e.g. Brewer and Hunter, 1989; Denzin, 1978) 
 
We evaluate these cases using the ‘sources of innovative opportunity’ –framework from Peter 
Drucker (1985). This framework will be presented in the next chapter 3. 
 
This paper is also a conceptual paper, since we enter a new area. According to Hirscheim (2008) 
conceptual papers emphasize assumptions, premises, axioms, assertions, etc.; and these need to be 
made as explicit as possible so they can be evaluated. Toulmin (1958) created an evaluation 
framework for conceptual papers. For Toulmin, there are six aspects of an argument: three 
necessary components and three optional ones. The necessary components are Claims, Grounds, and 
Warrants. The additional components are Backing, Rebuttal and Qualifier. 
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Claims refer to the statement or thesis that the authors are asking the reader to accept as true. An 
example might be the assertion that mass-customization is related to the Drucker innovation 
evaluation framework. The grounds (or support) is the method of persuasion used by the authors 
and is comprised of data plus the reasoning behind the claim. Fundamentally, this is the evidence or 
grounds by which the claim is supported or justified. The support for a claim may take the form of 
facts and statistics, mathematical proofs, expert opinion, examples, explanations, prior literature, 
and logical reasoning. In the case of the claim for existence of mass-customization connection, the 
authors might cite a variety of research articles that indicate that the Drucker framework has been 
used in mass-customization literature or expert opinions. A warrant links the data (grounds) to a 
claim. Ostensibly, warrants are the assumptions or presuppositions underlying the argument. 
(Toulmin, 1958; Hirscheim, 2008) Next chapter will describe the utilized innovation evaluation 
framework in detail. 
3. Systematic innovation and seven sources of innovative 
opportunity 
Drucker (1985) encourages entrepreneurs to practice systematic innovation. The overwhelming 
majority of successful innovations exploit change. The discipline of innovation is a diagnostic 
discipline: a systematic examination of the areas of change that typically offer entrepreneurial 
opportunities.  Systematic innovation means monitoring seven sources for innovative opportunity  
(Drucker, 1985, 31). Asoh, Rivers, McCleary and Sarvela (2005) illustrate the use of this Drucker 
framework in the health care industry. They state that very high entrepreneurial propensity is needed 
for major innovations.  
 
According to Drucker, the first four sources of innovation lie within the enterprise, whether business 
or public-service institution, or within an industry or service sector. The second set of sources for 
innovative opportunity, a set of three, involves changes outside the enterprise or industry. (Drucker, 
1985, 32) The following table provides explanations to the Seven Sources of Innovative 
Opportunity.  
 
Sources of Innovative Opportunity Description 
1. The Unexpected The unexpected success, the unexpected 
failure, the unexpected outside event. 
… such opportunities require more than mere 
luck or intuition. They demand that the 
enterprise search for innovation, be organized 
for it, and be managed so as to exploit it. 
2. The Incongruity Between reality as it actually is and reality as it 
is assumed to be or as it ‘ought to be’. The 
assumptions on which a product or service, its 
design or its marketing strategy, were based 
may no longer fit reality. 
3. Innovation Based on Process Need In innovation that is based on process need, 
everybody in the organization always knows 
that the need exists. Yet usually no one does 
anything about it. However, when the 
innovation appears, it is immediately accepted 
as ‘obvious’ and soon becomes ‘standard’.  
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4. Changes in Industry Structure or 
Market Structure that catch everyone 
unawares 
 
When market or industry structure changes, the 
producers or suppliers who are today’s industry 
leaders will be found neglecting the fastest-
growing market segments.  
5. Demographics  
 
Of all external changes, demographics – 
defined as changes in population, its size, 
structure, composition, employment, 
educational status, and income – are the 
cleariest. They are unambiguous. They have the 
most predictable consequences.  
6. Changes in perception, mood and 
meaning 
 
Timing is of the essence. In exploiting changes 
in perception, ‘creative imitation’ does not 
work. One has to be first. … because it is so 
uncertain whether a change of perception is a 
fad or permanent, and what the consequences 
really are, perception-based innovation has to 
start small and be very specific.  
7. New knowledge, both scientific and non-
scientific 
 
Knowledge-based innovation differs from all 
other innovations in its basic characteristics: 
time span, casualty rate, predictability, and in 
the challenges it poses to the entrepreneur. Like 
most ‘super-stars’, knowledge-based innovation 
is temperamental, capricious, and hard to 
manage.  
 
Table 1. Seven sources of innovative opportunity (Drucker, 1985), descriptions also by Drucker. 
 
Drucker (1985) attributes a firm’s competence in new product development to its 
capability of creating knowledge about its customers and competitors and integrating 
such knowledge with technology. Before we use the above mentioned evaluation framework of 
Drucker (1985) to evaluate our case companies, an introduction to health debate and risk 
management will be provided.   
4. The dilemma: thermal versus non-thermal 
Currently, the health debate around mobile phones, base stations and power lines is heated in many 
countries. We will provide here two alternative views, both with strong supporter groups. Thereafter 
we will illustrate the business implications and risk management practices. 
 
4.1. The thermal view 
 
After the Second World War, a German biophysicist, Professor Herman Schwan moved to 
the USA to work for the US defense department contracts in the area of electro-magnetic 
fields. Like infrared radiation, radio waves and microwaves produce heat when they're 
absorbed in sufficient quantity. Although not a biologist, Schwan assumed this heating was 
the only effect EMR would have on living tissue. In this respect he considered living things 
no different from the hot dogs that World War II radarmen used to roast in their microwave 
beams, so cooking was the only harm he foresaw.  
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Schwan then estimated danger levels based on how much energy was needed to measurably 
heat metal balls and beakers of salt water, which he used to represent the size and presumed 
electrical characteristics of various animals. Appreciable heating occurred in these models 
only at levels of 100.000 microwatts / cm2 or above, so, incorporating a safety factor of ten, 
Schwan in 1953 proposed an exposure limit of 10.000 microwatts / cm2 for humans. By 
showing soon afterward that it took more than this intensity to cause burns in real animals, 
Solomon Michaelson seemed to have confirmed the safety of "nonthermal" dosages. No one 
tested for subtler effects, and the 10,000-microwatt level was uncritically accepted on an 
informal basis by industry and the military. In 1965 the Army and Air Force formally 
adopted the Schwan limit, and a year later the industry-sponsored American National 
Standards Institute recommended it as a guideline for worker safety. (Becker and Selden, 
305, 1985) 
 
Currently, the guidance levels for non-ionizing radiation in most of the Western countries are based 
on thermal effects. In other words, the current guidelines only restrict the intensity of the radiation 
to prevent tissue heating in excess of what the body’s thermoregulatory mechanism can cope with 
(Hyland, 2000).  A specific organization is responsible for maintaining these guidelines, namely 
ICNIRP (International Committee on Non-Ionizing Radiation Protection), (ICNIRP, 1998).  
 
The WHO (World Health Organization) International EMF Project and ICNIRP see that there are no 
other mechanisms than heating that may affect health and therefore current safety limits are valid: 
 
Examination of the magnitude of the possible biophysical interactions (thermal, photon, 
force) of electromagnetic fields with living matter shows that, under modulated RF exposure 
conditions allowed by the current safety limits, there does not appear to be an overlooked 
hazard specific to RF modulation, with the possible exception of RF in the form of very 
short, high-intensity pulses, which are far more energetic than any pulses encountered in 
cellular telephone technology. For RF levels below the established standards (modulated or 
not), scientific research has not identified reproducible and plausible mechanisms by which 
biological effects can be caused in living systems.  
(Valberg, Deventer & Repacholi, 420, 2007) 
 
No increase in brain tumor rates have been observed in ICNIRP reports (Ahlbom, Feychting, Green, 
Kheifets, Savitz and Swerdlow, 2009).). Similarly, other symptoms and illnesses are not seen 
related to electro-magnetic fields (Valberg et al., 2007).  
 
Military uses microwaves for crowd control and non-lethal weapons (Trower, 2001; Becker and 
Selden, 1985). Bone fractures are healed using special frequencies and polarities of electro-magnetic 
fields (Becker, 1990). Interestingly, both these activities take place at non-thermal levels and can not 
be explained through heating. 
 
The independence and neutrality of ICNIRP, IEEE and WHO have been occasionally questioned 
(NRK, 2008; Slesin, 2005; Cherry, 2002; Radiation Research Trust, 2009).  
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4.2. The non-thermal view 
 
In 1952 the German physicist, Professor W. O. Schumann of the Technical University of 
Munich showed that there are electromagnetic standing waves in the atmosphere, within the 
cavity formed by the surface of the earth and the ionosphere. There is a resonating 
electromagnetic oscillation between earth and ionosphere in the 10 Hz region (Schumann 
resonance, 7.83 Hz). The intensity and spectrum of the Schumann Resonances vary 
markedly from day to night and with solar activity. At night both the brainwaves of a human 
being (measured by EEG) and the Schumann Resonances are dominated by very low 
frequencies (<5 Hz). Human brains detect, use and react to natural low frequency signals, 
the Schumann Resonances.  7.83 Hz is the same frequency at which the hippocampus, the 
area of the brain responsible for short term memory, vibrates. (Cherry, 2002) 
 
Achkasova et al. (1978) showed that cell division and timing is based on changes in this natural 
electromagnetic field. Belyaev et al. (1996) demonstrated that the DNA repair mechanism in coli 
bacteria is negatively affected when artificial microwave radiation level is above 1 uW / cm2. 
Becker (1990) was the first doctor who demonstrated how human cells communicate electronically 
and how voltage and polarity is changed when for example wound healing is taking place. Already 
in 1970s Russian doctors diagnosed an illness called microwave syndrome, where chronic exposure 
to artificial electro-magnetic fields weaken human immune system (Gordon, 1979). The Russian 
National Committee on Non-Ionizing Radiation Protection (RNCNIRP) has criticized ICNIRP 
guidance levels and recommended that children and pregnant women should not use mobile phone 
at all (RNCNIRP, 2008) and adults should limit the phone call to three minutes and utilize speaker-
phone, hands-free or corded-phone (WHO, 2003).  
 
Hyland (2000) and Cherry (2002) demonstrated that several mobile technologies operate at the same 
frequencies as the human brainwaves and are able to cause a stress like reaction in cells. This 
oxidative stress and reactive oxygen species (ROS) formation is perhaps capable of breaking the 
DNA molecule and creating genotoxic effects (Cherry, 2002; Friedman et al., 2007; Warnke, 2008; 
Phillips, Singh and Lai, 2009). Other possibly harmful mechanisms include calcium-ion efflux 
(Bawin et al., 1975), leakage of blood-brain barrier (Salford et al., 2007), melatonin reduction in the 
pineal gland (Burch et al. 2002; Cherry, 2002) and reduced fertility (Makker et al., 2009).  Khurana 
et al. (2008) indicated an increase in brain cancer rates in their meta-analysis. 68 % of 
independently funded research is finding biological, non-thermal effects. Independent research 
project are seven times more likely to find positive results than industry-funded research projects 
(Huss et al., 2007). Industry-funded Interphone-project inspected cancer-connection and has 
according to Morgan (2009) several design faults which make the result show that a mobile phone 
protects the user from a brain tumor. 
 
If the non-thermal effects would be recognized officially, the ICNIRP guidance levels could be 
dropped to the 1/10.000 part of their existing value. Several French cities adopted in summer 2009 
the 0,1 uW/cm2 limit recommended by BioInitiative (2007).  
 
According to Otto and von Mühlendahl (2007) the reproducibility of these non-thermal effects is 
usually poor, and no physiologic or pathogenic mechanism, so far, has been found to explain the 
alleged effects. Similarly, Lin (1997, 439) sees, that better understanding is needed of the 
mechanisms of interaction between RF/microwave radiation and biological systems, and of the 
significance of any observed effects.   
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4.3. Implications to business 
 
Two of the world’s largest insurance companies, Lloyds and Swiss Re, have recommended to other 
insurance companies to write in exclusion clauses against paying compensation for illnesses caused 
by non-ionizing radiation exposure. (Swiss Re, 1996; Trower, 2001). 
 
In 2005 a brain tumor case was first time won in the court in the USA against a mobile 
manufacturer (Khurana, 2008). Several masts have been ordered by the court to be removed in 
France in 2009 because of possible health risks (Radiation Research Trust, 2009).  
 
These kinds of events, although still rare, may increase the business risks but also litigation costs of 
mobile manufacturers and service providers. The situation currently is confusing, because of politics 
and different ‘schools’ (thermal vs. non-thermal). Business Week (2009) in their story asked “Is 
Cell-Phone Safety Assured? Or Merely Ignored?’ and pointed out difficulties in balancing long-term 
risks with benefits of mobile technologies. Similarly, some employers already calculate the sick 
days of workforce and possible later compensation requirements. This kind of development and 
health awareness may create new business opportunities. The following companies are utilizing 
these opportunities. Some of the players in the field also consider themselves as working in the 
ethical and sustainable business (Csikszentmihalyi, 2004).  
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5. Case descriptions 
 
Gigahertz-Solutions GmbH (http://www.gigahertz-solutions.de ) 
 
Gigahertz-Solutions is a device manufacturer in Langenzenn, Germany. They are specialized in 
metering devices, although they also produce electrical equipment and devices to minimize EMF-
exposure. Their meters are provided with a scale between 0.01-20.000 uW/m2 (in RF 
measurements) and 0-2000 nT magnetic or 2000 V/m electrical fields. Their meters can be equipped 
with extenders to be able to measure higher field strength up to 2.000.000 uW/m2 or amplify very 
sensitive radiation.  The company provides also digital LF-instruments with datalogger and 
software, measuring videos, courses, and measuring certificates. Gigahertz philosophy is to 
deliver 100% accurate measuring values in a still affordable price-range.    
 
 
EMFields Ltd (http://www.emfields.org ) 
 
This company, which is more like an organization, is ethically based. The EMFields describe their 
operations: “We offer a number of screening products, designed to reduce your personal exposure to 
electromagnetic radiation from mobile phones and masts, and high electric field levels from house 
wiring. We have tested all the products we sell and these are highly effective, removing up to 99% 
of all incoming radiation.” EMFields is linked to a website called Powerwatch 
(http://www.powerwatch.org.uk) which is a long-time industry ‘watchdog’.  
 
 
Maxicom AB (http://www.maxicom.se/Produkter.htm ) 
 
Maxicom’s owner has a 50 years experience with wireless technologies. They sell and install 
communication systems and accessories to various clients and industries, mostly in Sweden. They 
have also security and surveillance products. While Maxicom sells various wireless products, they 
also openly inform about risks and advice about ways to reduce personal exposure.  
6. Cases analyzed with Seven Sources of Innovative Opportunity  
-evaluation framework 
 
The framework of Drucker (1985) will be next used to evaluate the innovation strategies of 
Gigahertz-Solutions, EMFields and Maxicom. Purposefully, these cases are selected so that they 
differ greatly from each other in business models, business activity and target groups.  
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 Gigahertz Solutions EMFields Maxicom 
1. The Unexpected German, Swiss and Austrian 
doctor initiatives warn about 
high EMF-levels 
http://appelle.diagnose-funk.org/ 
This has created unexpected 
demand for measuring 
devices and related services.  
Originally EHS-patients 
were their biggest 
customer group, now 
more and more ordinary 
families with children.  
POTS is shut down in the 
countryside in Nordic 
countries and wireless 
connections are offered as 
replacement. Far from a 
base station a mobile 
terminal increases its 
power significantly. 
Therefore, solutions to 
minimizing radiation 
exposure are being 
requested. 
2. The Incongruity The ICNIRP guidance levels 
have been criticized and 
alternative guidance levels 
have been taken in use 
(BioInitiative 2007, 
Baubiologie 2009)  
Traditionally, houses have 
been measured for mold 
and radon. EMF 
measurements in houses 
provide a new viewpoint. 
Since mobile phone 
manufacturers and service 
providers deny risks, there 
are not many players 
effectively marketing safer 
mobile systems. 
3. Innovation Based on 
Process Need 
Gigahertz Solutions started 
producing ELF-meters, but 
the expertise was later utilized 
in RF-meters when market 
need emerged. The isolation 
and shielding expertise is 
used with other products 
(mains disconnection relays 
etc.) 
Powerwatch, a non-profit 
independent organization 
received requests to sell 
shielding products and 
measurement services. 
Eventually, EMFields was 
established as a separate 
company. 
Maxicom has a long 
experience as a supplier of 
wireless systems for power 
industry, communities, 
police, ambulance and 
transportation companies. 
This experience is utilized 
when they started to 
market low radiation 
products. 
4. Changes in Industry 
Structure or Market 
Structure that catch 
everyone unawares 
 
The other metering 
manufacturers have 
difficulties in providing 
sensitive enough meters to 
measure biologically-relevant 
levels with alternative 
guidance levels. 
Sleep quality is possibly 
related to EMF levels. 
Currently, there are not 
many companies which 
provide materials to 
shield / reduce EMF-
levels in bedrooms. 
The traditional handsfree 
equipment has several 
limitations. Some older 
models may even increase 
the radiation exposure of 
user’s ear channel. So, a 
new approach is needed. 
5. Demographics 
(population changes) 
 
Meters appeal also to 
technically oriented people 
(engineers). A new 
professional group of experts 
is established and growing. 
Meters are used mostly in 
heavily populated areas where 
EMF-levels are higher.  
The United Kingdom has 
recently become the most 
heavily populated country 
in Europe with dense 
powerline and base 
station network. 
EMFields operates from 
the UK.  
The population is 
becoming older in many 
European countries. Older 
people, children and adults 
with certain illnesses are 
more susceptible to effects 
of electromagnetic fields.  
6. Changes in 
perception, mood and 
meaning 
 
Employers are getting 
interested to meter and reduce 
EMFs. Currently, an EU 
directive makes these 
measurements obligatory. 
Consumers are becoming 
more and more concerned 
about the electrical 
pollution. Additionally, 
people who get symptoms 
or have become ill from 
electricity are their 
customer group. 
More and more employers 
are aware of need to reduce 
exposure. Maxicom targets 
the Corporate Wellness 
Programs. 
7. New knowledge, 
both scientific and 
non-scientific 
 
Information about increasing 
passive exposure (Frey et al, 
2009). The effects of dirty 
electricity element, incl. 
transients and harmonic 
overwaves (Genuis, 2007).  
Anecdotal and scientific 
evidence, symptoms 
relieved, less headaches 
and better sleep quality 
after screening (Hutter et 
al., 2006). 
Latest brain tumor research 
(Khurana et al., 2009) and  
radiation absorption child 
vs. adult (Gandhi et al. 
1995; Wiart et al., 2008) 
 
Table 2. Three cases analyzed with the innovation evaluation framework of Drucker (1985)  
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7. Mass-customization, toolkits and open innovation 
Above we evaluated three companies with the Drucker (1985) evaluation 
framework.  Since the evaluation framework is quite old, we will next describe 
how it possibly integrates to mass-customization and generally in open innovation 
activity.  
 
Mass-customization originates from 1970s (Toffler, 1970; Davis, 1987; Pine, 
1993). In the online environment, the term personalization often replaces 
customization or more specifically mass customization, although the definitions 
of these terms are not similar (Santanen et al., 2008). Personalization generally 
refers to making a site more responsive to the unique and individual needs of each 
user (e.g. Cingil et al., 2000) while in a mass customization management system 
the goal is to develop, produce, market, and deliver affordable goods and services 
with enough variety and customization that nearly everyone will find exactly what 
they want (Pine, 1993). When we look at the evaluation framework of Drucker 
(1985) and the outcome in the previous chapter 6, there does not seem to be a 
mass-customization or personalization focus. However, personalized websites can 
be used to collect important information from customers. Therefore, the Drucker 
evaluation elements like changes in perception, new knowledge and changes in 
market structure can be obtained from customers.   
 
Another concept often linked to mass-customization is customer co-design. 
Customer co-design describes a process that allows customers to express their 
product requirements and carry out product realization processes by mapping the 
requirements into the physical domain of the product (Khalid & Helander, 2003; 
von Hippel, 1998). The customer can choose from an infinite set of options an 
individualized combination or even extent the options and even invent new ones. 
During this process of elicitation, the customer is being integrated into the value 
creation of the supplier (Piller et al., 2005). Toolkits are seen important in the 
customer co-design (von Hippel, 1998; Piller et al., 2005). 
 
Thrift (2006) describes the needs behind those toolkits that companies provide 
for their customers: 
 
Companies may offer various toolkits for collaboration and mass-
customization, which can be seen here as devices supporting collective mind 
and distributed cognition. The establishment of distributed cognition devices, 
intended to organize real life experiments as preferences, tends to blur habitual 
distinctions between production, distribution and consumption (Thrift, 2006, 
279). 
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Prandelli et al., (2006) analyzed over 200 brand and corporate sites and 
summarized that web-based tools are not always implemented to accelerate and 
improve new product development through customer involvement. In fact, only 
specific stages of the innovation process are supported by the web, a limited set of 
two-way communication tools are still included and not all companies seem to 
show an optimal level of interest in leveraging these tools. (pp. 124) 
 
Chesbrough (2003) encourages changing the role of R&D (from earlier creating 
new knowledge), to focusing on knowledge brokering. Innovation marketplaces 
have arisen along with the open innovation paradigm. These marketplaces, or 
innovation intermediaries, act as brokers between different actors (companies, 
customers, users, enthusiasts, etc.). A good example of such marketplaces is 
InnoCentive which has managed to change the face of R&D for many 
corporations, government agencies, and not-for-profits by employing their price-
based method to engage innovators in many industries from around the world 
(Tapscott and Williams, 2006). We may ask where are the marketplaces and 
especially R&D for EMF&Health? What incentives are needed to establish a 
marketplace for healthier device and service development? According to 
Chesbrough (2006b) there are real difficulties that companies encounter when 
they seek external markets for their technologies. Among these difficulties are: (a) 
Managing and protecting identity (b) Managing contamination risk (c) Identifying 
useful, nonobvious sources (d) Fostering a two-sided market and (e) Scaling 
efficiently with volume (pp. 137). The limitation of this view of Chesbrough 
(2006b) lies in traditional intellectual property (IP) focus. Crowds are utilized 
more and more to develop sophisticated products (e.g. www.eurekamed.com) and 
the view of intellectual property and licensing has similarly changed. We may also 
ask that where the difference between product improvement and invention is.   
8. Conclusions 
 
Entrepreneurs take controlled risks and this paper described how entrepreneurs 
can scan the emerging business opportunities systematically.  The international 
health risk debate and the precautionary approach (BioInitiative, 2007; EEA, 
2007) has created new business opportunities and market for products that 
minimize EMF exposure of individuals and employees. Both thermal and non-
thermal (biological) viewpoints of the scientific debate were illustrated. The 
Seven Sources of Innovative Opportunity evaluation framework of Drucker 
(1985) was introduced. This instrument was then utilized to evaluate three 
companies (Gigahertz-Solutions, EMField and Maxicom) and their opportunities 
in this new market. All evaluation levels of the Drucker framework proved 
relevant for the case companies. The EMF & Health business area is still at its 
infancy, so, mass-customization and personalization services were not extensively 
used by the case companies. The possible, future mass-customization efforts of 
these companies will provide more information and also new research 
opportunities. 
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9. Discussion 
 
The crowds were not extensively utilized in product development and 
recommending in our case companies, except perhaps by the EMFields company 
whose website included a member-only discussion forum related to products and 
ways to shield and reduce EMF exposure. Since the case companies market 
products to improve health, the success stories or at least recommendations from 
satisfied customers would provide a powerful marketing message. Similarly, 
satisfied customers could be used more extensively to recommend products to 
their friends. No intermediaries currently exist in the EMF & Health area. More 
like, there are many independent merchants and online shops. Mass-customization 
processes seem to be limited and toolkits do not yet exist. Most of the products 
can not be tailored (no personal color, no pattern or no coating). However, 
Maxicom has tailored, even re-assembled many of their products to suit their 
various customer groups based on their requests.  
 
Marketing of health-related products is challenging. The customer should be 
neutrally informed about risks while no fear or panic should be created. Since the 
scientific community is split with opinion about electromagnetic fields, the 
marketing message is difficult to keep informative and satisfactory to all customer 
groups. The EMF&Health market is still at its infancy. The future of this market 
will be dependent on changes in legislation and guidance levels. Additionally, 
EMF and Health is not often discussed from business perspective in academic 
papers. Therefore, we see our approach unique.  
 
The Drucker framework we used is not scientifically validated from the beginning 
(ref. Drucker, 1985). To our understanding this framework has only been used in 
the papers of Asoh et al. (2005) and Moore and Coddington (1999) to describe 
health business. We have not seen this framework integrated to mass-
customization or personalization. When we as researcher utilize the framework, it 
is not the same thing if the companies themselves utilize it. For this reason, we 
asked the case companies to look at their company description in this paper and 
how they see the evaluation framework of Drucker. Based on their comments, we 
modified the Table 2. When Peter Drucker afterwards, in the book “Managing for 
the Future”, inspected his Seven Sources of Innovative Opportunity, he came to 
an interesting conclusion: 
  
“The most useful of the seven ‘windows’ of innovation … is always the 
unexpected, especially the unexpected success. It is the least risky and the 
least arduous. Yet it is almost totally neglected. What is even worse, 
managers often actively reject it.” (Drucker, 1992, 275) 
 
This little citation tells us that mass-customization is about understanding 
customers, but also about understanding history and management practices. 
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Abstract. One of the foremost competitive challenges of a mass customization company
is how to set a proper solution space. Too many configuration possibilities (variety) can
result in increased complexity which may lead to mass confusion. Hence, the success of
mass customization company lays on how effective the solution space is specified.This
paper proposes a new conceptual strategy adopted from natural selection theory to
ensure that the solution space (population) of mass customization will contain only the
fittest part variants which meet customer needs. A new term of crowdscreening, means
“screening process by the crowd  (an undefined and generally large network of people) in
the form of an open call” is also derived. Part variants which are frequently selected by
the crowd (fit to customers) will be kept in the solution space while the unpopular one will
be taken out from the solution space. Hence, the complexity and variety of product can
be reduced without sacrificing customer needs.
Keywords. Crowdsreening, natural selection, mass customization complexity
1. Introduction
The economic success of most firms depends on their ability to identify the needs
of customers and to quickly create products that meet these needs and can be
produced at low cost (Ulrich and Eppinger, 2008). By adopting customer driven
strategy which delivers products and services to meet or exceed customer
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expectations, businesses can win in the marketplace (Grath and Gilmore, 1995).
Customer satisfaction is placed in the highest priority by almost every company in
today’s competitive environment (Jiao, Zhang and Helander, 2006). It is clear that
product development team has a very big role to achieve these goals. Product
development is an interdisciplinary activity requiring contribution from nearly all
the functions of a firm, especially marketing, design and manufacturing.
From the perspective of investors in a for-profit enterprise, successful product
is identical with the profit. Profit is the most common indicator to measure the
success of the products. Development cost is usually a significant fraction of the
investment required to achieve the profit. In fact, product development is very
expensive due to the high capital costs involved with designing, prototyping,
tooling, and marketing of products. It is reasonable that thousands of great ideas
never come to market because no manufacturer is willing to risk money on
development costs. Therefore, it is a challenge for enterprise to deliver good
products and services to meet or exceed customer expectations and to reduce the
development cost in the same time to create more profit.
Customer satisfaction is believed as a key of all successful businesses. It can
only be obtained by providing customers a product that highly corresponds to
their requirements. Mass production approach which provide standard products to
customers is quite difficult to achieve this issue. Hence, there is a significant
paradigm change in how manufacturer increase the chance that everyone finds the
product that closely corresponds to his/her requirements, from mass production to
mass customization and personalization. The degree of customer involvement in
value creation process (production cycle) is the main factor to differentiate this
approaches.
This paper discusses a new strategy in how manufacturers could increase the
chance that everyone finds the product that precisely corresponds to his / her
requirements within mass customization environment. A brief comparative
review of mass production and mass customization concepts together with
problems faced by those two approaches is introduced as a basic starting point to
propose a new strategy. A strategy canvas is used in this issue. The main
discussion is then focused on the adoption of natural selection theory to reduce
product definition complexity and variety in mass customization concept.
2. Mass Production and Mass Customization
Mass production concerned in reducing cost by increasing the volume of
production (economies of scale). Under a system of mass production,
manufacturer offers “take all or leave it” option to the customers and consumers
generally accept standard product (Radder and Louw, 1999). Hence it is very
important to define the product specification so that it can meet the need of mass
customers to ensure that all products are sold well in the market.
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Usually, in order to compete in the market, manufacturers follow the approach
of “design for customer” where the product creation process started out with
anticipating customer needs. Based on this anticipation, products and production
systems were then developed (Tseng and Du, 1998). Identifying customer needs
and translating them into products specification are the key factors in delivering
successful products.
By its natures, and due to the dynamic changes of customer needs as well as
the competitive environment within which most businesses have to operate, mass
production face problems including:
§ Since mass production deals with forecast based demand (anticipation), it
is highly possible to have overstock of final product. This will effect to the
high cost of inventory.
§ As it produces goods in a big volume, misinterpreting customer needs
could translate into a big capital lost.
§ It cannot accommodate individual or specific customer preferences need
§ It is difficult to response the fast change of customer preference
§ The chance that everyone finds the product that exactly corresponds to
his/her requirements is considered low by the nature of standard products.
In term of paradigm, mass production has been mature and outdate but in term
of application, it has been very well established (Duguay, Landry and Pasin,
1997). Level of quality, time to market and cost are considered as the area to
compete. In order to succeed in mass production, a good product design should be
provided. It is a timely design of high quality products that well meet customer
needs, easy to manufacture, inexpensive and provide competitive advantages to
the company. Using mass production concept, the ideal design is achieved when it
meets the needs of majority (figure 1).
Figure 1. Product design mapping into customer need distribution within mass
production
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In order to overcome some drawbacks of mass production, mass customization
is then introduced. Mass customization aims to provide goods and services that
serve individual customers’ personal needs with near mass production efficiency
(Tseng and Jiao, 1996). Simply stated, the aim of mass customization is to tailor-
make products for individual customers at a cost comparable to mass production.
Combining "custom manufacture" and "mass production", mass customization
promises to bridge the gap between individual customers' high expectations and
cost pressures faced by manufacturers (Reddington, 2004). A popular way of
product customization is by configuration design, where customers can choose
different components and assemble them together to form a product. Family Based
Design (FBD), Product Family Architecture (PFA), modularization and product
platform have been well recognized for this purpose (Jiao and Tseng, 1999).
In order to increase the chance that everyone finds the product that closely
corresponds to his / her requirements, manufacturer provides the customers with
large variety products (solution space). However, it is important to note that not all
varieties (possible configurations) are selected (figure 2). A successful mass
customization system is characterized by stable but still flexible and responsive
processes that provide a dynamic flow of products. Value creation within a stable
solution space is the major differentiation of mass customization versus
conventional (craft) customization. A traditional (craft) customizer re-invents not
only its products but also its processes for each individual customer. But a mass
customizer uses stable processes to deliver high variety goods (Piller, 2005).
Figure 2. Configuration variety mapping into customer need distribution within
mass customization
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There are three requirements need to be considered in mass customization
(Tseng and Jiao, 1998) including time to market (quick responsiveness), variety
(customization), and economy of scale (mass efficiency). According to Piller
(2003) customer requirements can be satisfied along three main dimensions which
are: fit, design (style) and functionalities. Product development should insure that
customer requirements are translated into concrete product variety (Blecker and
Abdelkafi, 2006).
Mass customization allows companies to penetrate new markets and capture
customers whose special or personal needs could not be met by standard products.
However, the demand for customization should be exactly estimated in order to
avoid over-customization, while the degree of integration with customers and the
level of production efficiency should be carefully balanced. The managerial
approach includes modularization and postponement technique (Brun and Zorzini,
2008). While postponement addresses the pursuit of efficiency from a process
design point of view, modularization attains it from a product design perspective
(Ernst and Kamrad, 2000). Postponement principle is to delay some of the value
adding activities until the customer order arrives.
Figure 3. A simplified view of the mass customization production system
(Blecker and Abdelkafi, 2006).
The mass customization production system consists of two main subsystems.
The first is push subsystem which transforms raw materials and supplied
component into subassemblies or semi finished product. In this part of the system,
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production occurs according to forecast demands (anticipative). The second
subsystem is a pull system, which is customer-driven and aims to build products
that match customer requirement (figure 3). The push and pull parts of the
production system are separated by the customer order decoupling point. At this
point, company keep inventories of subassemblies and semi finished product. As
the decoupling point moves upstream in the value chain, the degree of
customization is expected to increase because customers would have the
possibility to affect the production process at earlier stages. The decoupling point
may not only influence the customization level but also delivery time. If it is closer
to the customer, shorter delivery times can be achieved. However, if it is placed at
the beginning of the production process, it could be assumed that longer delivery
times would be necessary (Blecker and Abdelkafi, 2006).
The level of customer involvement in the value chain plays a critical role in
determining the degree of uniqueness of the product and the type of customization.
The point of customer involvement in the production cycle is a key indicator of the
degree of customization provided. If customers are involved in the early design
stages of the production cycle, a product could be highly customized or
personalized (Design by Customer). If customer preferences are included only at
the final assembly stages, the degree of customization will be not as great
(Configure by Customer). In this manner, point of customer involvement provides
a practical indicator of the relative degree of product customization (Duray, 2002).
This involvement of the customer in the design and production stage means that
the customer becomes a 'prosumer' which is producer and consumer in concert,
defining and producing the product.
Mass customization and personalization have many competitive advantages
compared to mass production. The main advantages include differentiation
through individuality, reduced capital commitment and less overproduction, better
knowledge of customers' needs, higher customer loyalty as well as increase in
flexibility and scalability (Piller, 2005; Tseng and Piller, 2003; Berger and Piller,
2003). However, instead of having many competitive advantages compared to
mass production, mass customization faces problems including (Piller, 2005):
§ In order for companies to increase the change that a wide range of
customer requirements is satisfied, a larger product variety (solution space)
is required. However, product variety does not guarantee that customers
find exactly what they want.  It is more likely that customer preferences
can be matched with products existing in the assortment. Hence, setting the
solution space becomes one of the foremost competitive challenges of a
mass customization company.
§ Mass customization still deals with forecast based demand (anticipation) in
the push system. It is highly possible to have overstock of sub-assembly or
semi-finished product. This will effect to the high cost of in-process
inventory.
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§ Product development team faces problem to define a complex product
definition as customers need should be translated into variety of products.
§ Increased variety means increased complexity (for enterprise) and can
make mass confusion (for customers).
3. The Strategy Canvas
Mass production and mass customization strategies have different characteristics
in many factors. Understanding their differences is an important step for
manufacturer to consider which strategy to follow or to construct a new strategy.
One of tools that can be used to analyze the comparison between strategies is the
strategy canvas introduced by Kim and Mauborgne (2005) in Blue Ocean Strategy.
It is a diagnostic and an action framework to understand where the competition is
currently investing, the factors the industry currently competes on in product,
service, and delivery, and what customers receive from the existing competitive
offerings on the market. In the case of comparison between mass production and
mass customization strategies, nine factors are identified including price, customer
involvement in production cycle, customer satisfaction, product definition
complexity, product flexibility, product variety, inventory and risk of forecasting.
Figure 4 captures all this information when the strategy canvas is adopted for
analyzing both mass production and mass customization concepts. By using this
canvas, a new strategy for mass customization is then introduced. It focuses on
five important factors; including customer satisfaction (raise), product definition
complexity (reduce), product variety (reduce), inventory (reduce) and risk of
forecasting (eliminate).
Figure 4. The strategy canvas of mass production and mass customization
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The critical question is, how do we raise the customer satisfaction by reducing
complexity, variety and inventory as well as minimizing risk?  To address this
question a basic principle of mass customization optimization is formulated;
provide variety as less as possible and meet specific customer needs as many as
possible. This will lead to the efforts for only providing configurations which have
high possibility to be selected by customers and avoiding unpopular one. Using
this principle, depend on product type, characteristic of market and demand as
well as manufacturing and logistics system, an optimum decouple point (the point
where customer needs and manufacturer capability meet) can be obtained. Hence,
in some cases mass customization is not always better than mass production.
4. Natural Selection for Mass Customization
Optimization
Setting the proper solution space is still becoming one of the foremost competitive
challenges of a mass customization company. Too many configuration
possibilities (variety) can result in increased complexity (for enterprise) and can
make mass confusion (for customers). Hence, the success of mass customization
company lays on how effective the solution space is specified. Since it is arguable
that not all configuration possibilities will be selected by customers, natural
selection theory seems to be a good idea to adopt.  The concept of fitness is central
to natural selection. Broadly, individuals which are more "fit" have better potential
for survival, as in the well-known phrase "survival of the fittest".  By the
definition of fitness, individuals with greater fitness are more likely having better
potential for survival, while individuals with lesser fitness are more likely to die
early or fail to reproduce.
 When natural selection theory is applied in mass customization, it is
reasonable to make an analogy that ‘individual’ represents ‘part variant’,
‘population’ represents ‘solution space’ and ‘environment’ represents
‘market/customers’.  Part variants with greater fitness (frequently selected by
customers) have better potential for survival (kept in the solution space/offered to
customers), while part variants with lesser fitness (never/rarely selected by
customers) are more likely to extinct (taken out from solution space/not offered to
customer). New variants are then introduced into the solution space for the next
natural selection. All these procedures are carried out in the virtual design phase,
before selected part variants are produced (figure 5). This mechanism ensures that
over customization can be avoided since the solution space of mass customization
will contain only the fittest part variants which meet customer needs. Hence, the
complexity and variety of product can be reduced without sacrificing customer
needs.
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Figure 5. Natural selection in mass customization
5. Crowdscreening by means of Natural Selection
The new term “crowdscreening’’ introduced in this paper is used to define one
type of “crowdsourcing” which was coined by Jeff Howe in a June 2006 Wired
magazine article (Berger and Piller, 2003). Howe defined crowdsourcing as "the
act of a company or institution taking a function once performed by employees
and outsourcing it to an undefined (and generally large) network of people in the
form of an open call" (Brabham, 2009). Crowdsourcing is a distributed problem-
solving and production model. Problems are broadcast to an unknown group of
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solvers in the form of an open call for solutions. Users--also known as the crowd--
typically form into online communities, and the crowd submits solutions. The
crowd also sorts through the solutions, finding the best ones. These best solutions
are then owned by the entity that broadcast the problem in the first place. The
crowd who participate and the winning individuals in the crowd are sometimes
rewarded. In some cases, this labor is well compensated, either monetarily, with
prizes, or with recognition. In other cases, the only rewards may be reputation or
intellectual satisfaction. Crowdsourcing may produce solutions from amateurs or
volunteers working in their spare time, or from experts or small businesses which
were unknown to the initiating organization (Howe, 2006).
Since the problem need to solve in mass customization discussed in this paper
focus on screening process to get the optimum solution space, hence the word
‘crowdscreening’ which means “screening process by the crowd  -undefined (and
generally large) network of people- in the form of an open call” is derived. Figure
6 shows five steps of crowdscreening in mass customization. The steps start with
generating initial product variety designs (part variants), followed by creating
interface between crowd and product variety database. By enabling the crowd to
virtually configure customized product using online system which is the main step
of crowdscreening, company can gather the data of frequently selected parts
(FSPs) and frequently selected configurations (FSCs) while the crowd can get free
virtual designs and experience. Based on the data, the system is automatically
performing natural selection by keeping FSPs in the solution space and taking
unpopular parts variants out. New part variants are then introduced into new
solution space for the next screening process. This loop is performed until the
solution is considered as optimum. In order to ensure that the crowd will take a
part in this activity, the system should offer some benefits to the participants
including joyfulness, rewards, excitements, adventure, and so on. Social networks
can be considered as candidates for this approach.
Figure 6. Five steps of crowdscreening in mass customization
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6. Conclusion
A new approach of crowdscreening to minimize the problem of product definition
complexity, product variety, inventory and risk of forecasting has been discussed.
This proposed approach, which adopts the theory of natural selection, aims to
ensure that the solution space of mass customization will contain only the fittest
part variants which meet customer needs. It can be achieved since part variants
which are frequently selected by the crowd (fit to customer) will be kept in the
solution space while the unpopular one will be taken out from the solution space.
Hence, the complexity and variety of product can be reduced without sacrificing
customer needs. It also can predict the distribution of part variants quantity as
some part variants may be chosen more frequent than some others.  In addition,
when there is a configuration selected by the majority of customers, the possibility
to make mass production can also be considered. However, how the willingness-
to-pay is evaluated in simulation is still a question, since although many like to
configure a product with all extra features, not so many actually afford to buy.
This might be a topic for future research after first experiences with the introduced
method.
7. References
Berger, C. and Piller, F.T. (2003), Customer as co-designers, Manufacturing Engineer,
August/September 2003, pp. 42-45
Blecker, T. and Abdelkafi, N. (2006) Complexity and variety in mass customization system:
analysis and recommendation, Management Decision, Vol 44, No.7, pp. 908-929
Brabham, D.C. (2009).  Crowdsourcing as a model for problem solving.  Invited presentation at
Ignite Salt Lake 2, Utah. Available online at http://www.darenbrabham.com/blog.html,
Accessed on April 25, 2009
Brun, A. and Zorzini, M. (2008), Evaluation of product customization strategies through
modularization and postponement, International Journal of Production Economics, In Press,
Corrected Proof, Available online 17 October 2008
Duguay, C.R., Landry, S. and Pasin F. (1997), From mass production to flexible/agile production,
International Journal of Operations & Production Management Vol. 17 No.12, pp 1183-1195
Duray, R. (2002), Mass customization origins: mass or custom manufacturing?, International
Journal of Operations and Production management, Vol.22, No.3, pp. 314-328
Ernst, R. and Kamrad, B. (2000), Evaluation of supply chain structures through modularization
and postponement, European Journal of Operational Research 124, pp. 495–510.
Grath, M.M. and Gilmore, D (1995), Achieving growth, competitive advantage and increased
profits, World Class Design to Manufacture Volume 2 · Number 6, pp. 11–16
Howe, J. (2006). The Rise of Crowdsourcing, Wired Magazine, available online at
http://www.wired.com/wired/archive/14.06/crowds.html, accessed on April 22, 2009
Risdiyono and Pisut Koomsap
5th World Conference on Mass Customization & Personalization MCPC2009 12
Jiao, J., Zhang, Y. and Helander, M. (2006), A Kansei mining system for affective design, Expert
System with Application 30 pp. 658-673
Jiao, J. and Tseng, M.M. (1999), An Information Modeling Framework for Product Families to
Support Mass Customization Manufacturing CIRP Annals - Manufacturing Technology,
Volume 48, Issue 1, pp. 93-98
Kim, W.C and Mauborgne, R. (2005), Blue Ocean Strategy: How to Create Uncontested Market
Space and Make the Competition Irrelevant, Harvard Business School Press, Boston
Piller, F.T., (2005), Glossary: Mass Customization, Open Innovation, Personalization and
Customer Integration in Frank Piller's Web Site on Mass Customization & Open Innovation
Available online at: http://www.mass-customization.de/glossary.htm#mc, accessed April 20,
2009.
Piller, F.T. (2003), What is Mass Customization? A focused view on the term, Mass
Customization News, Vol. 6, No. 1, available online at: http://www.mass-customization.de/
news/news03_01.htm#3, accessed on April 21, 2009
Radder, L. and Louw, L. (1999), Mass customization and mass production, The TQM Magazine,
Vol. 11 No.1 pp. 35-40
Reddington, D. (2004). What is mass customization?, Available online at : www.
madeforeone.com, accessed April 20, 2009.
Tseng, M.M. and Du, X (1998), Design by Customers for Mass Customization Products,
CIRP Annals - Manufacturing Technology, Volume 47, Issue 1, pp 103-106
Tseng, M.M. and Jiao, J. (1996), Design for mass customization, CIRP Annals, Vol.45 No.1, pp.
153-156
Tseng, M.M. and Piller, F. (2003), The Customer Centric Enterprise: Advances in Mass
Customization and Personalization, Spinger, Berlin
Tseng, M.M. and Jiao, R. (1998), Concurrent design for mass customization, Business Process
Management Journal, Vol. 4 No.1 pp. 10-24
Ulrich, K.T. and Eppinger, S.D. (2008), Product Design and Development, fourth edition,
McGraw-Hill, New York
Session 24
Beyond MCP: Co-Creation & 
Open Innovation (II)          
Submitted to 5th World Conference on Mass Customization & Personalization MCPC2009 1
J.W. Hoftijzer MSc, Universtity of Twente, The Netherlands,
j.w.hoftijzer@utwente.nl
The Collaborative Design Lab
(The Future Designer)
Abstract
This paper concerns the description of a – to be executed - government subsidized research
project (The Netherlands; IOP/ IPCR), that attends to the matter of co-design, and the creation
of a collaborative design laboratory. People have an innate urge to participate in the design of
their product, if only they are allowed to or have the opportunity to (Atkinson 2006, Constant
1969). These opportunities will appear more and more. Platforms as Nike’s ‘NikeID.com’ and
‘Freitag.ch’ allow people to participate in the design of physical products, by letting people
choose from a range of options through so-called toolkits or configurators. Today people even
3D-shape their designs using online software (Ponoko.com).
Regarding the current status of product co-design, the most interesting questions to both
supplier and designer are: which products or categories fit co-design? Which aspects of a
product are – if the user may say it – interesting to design or decide by yourself? How to
facilitate the co-design process, depending on these issues?
This research project’s objective is to develop and deliver a ‘generic toolkit’ for product co-
design. The industrial research plans contain a series of industrial pilots executed by the various
consortium members, together forming the ‘Collaborative Design Lab’.
Keywords: Co-design; Mass Customization, Toolkit, Configurator, Long Tail, Rapid
Manufacturing
I. Introduction
This paper describes an ongoing research project that is concerned with co-design, and
with the creation of a collaborative design laboratory. ‘Co-design’ (or ‘custom
design’) is defined as direct and active user participation during product design and
development processes (Van der Wal 2005). Co-design offers various benefits to both
users and suppliers. To users, co-design gives them the opportunity to have a direct
MCPC2009: ’The Collaborative Design Lab: The Future Designer’
Submitted to 5th World Conference on Mass Customization & Personalization MCPC2009 2
say in the design of their desired products (Prahalad 2002). To manufacturers, co-
design offers better and more specific information about the users’ wishes. Above all,
it leads to a reduced risk of unsalable inventory, and to an improved client bonding
(Piller 2008).
Today’s communication technology has created a surge in the availability
information and to increased accessibility and feedback opportunities. Since the
existence of the Internet, and especially since the availability of user-friendly web-
applications, a wide range of organization and company Internet sites have appeared
that allow people to influence and add value to both the contents of the site and to the
products described. Examples of user generated content are YouTube (music), Flickr
(photos) and Wikipedia (encyclopaedia).
Thanks to technology improvements, recently this is also happening for 3D
products: this is termed product co-design, or just ‘co-design’. Platforms such as
Nike’s ‘NikeID.com’, ‘Freitag.ch’ (Fig. 1) and ‘Ponoko.com’ allow people to
participate in the design of – in this case - a shoe or a fashion bag, by letting people
choose from a range of options through so-called toolkits or configurators. Nowadays,
people post their ideas (Crowdspirit, Dell), or even 3D-shape their own designs using
online 3D software such as Google-Sketch-up or Lego factory. At the same time,
production techniques and systems evolve and become more flexible. New
manufacturing techniques appear, creating more and more opportunities to produce
single pieces and products (one-offs) more easily (Fig. 2).
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Fig. 1: www.Freitag.ch: designing a fashion bag by picking your favourite parts of u truck canvas
Fig. 2: 3D printing: stereolithography dashboard (Materialise/ Pininfarina)
Literature research (Atkinson 2006, Constant 1969, Friedmann 1961) reveals that
many people have an innate urge to participate in and influence the design and
development of “their” products, if only they are given the opportunities to do so.
These opportunities will appear increasingly often.
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Regarding the current status of product co-design, the most interesting questions
for both suppliers and designers are: which products or categories are suited to co-
design? Which aspects of a product are – when the user is concerned – suitable for
self-design or self-specification? How can the co-design process be facilitated in the
light of these considerations? These are some of the research questions which will be
addressed in the following paragraphs.
The industrial designer, whose job it is to be the link between parties, to set the
boundaries of a project, and create concepts and solutions, plays a big part in the
practice of co-design. He or she has the knowledge and skills needed to be able to
facilitate and guide the co-design process and allow scope for the user’s creativity. He
or she acts as an intermediary who offers complete or partial solutions; concept
designs to select from, and toolkits to participate.
This research project’s objective is to develop and deliver a ‘generic toolkit’ for
product co-design. This generic toolkit will be the result, along with new knowledge
addressing the research questions, of fundamental research programs and industrial
research pilots. The industrial research plans comprise a series of industrial pilots
executed by the various consortium members. The ‘Collaborative Design Lab’,
referring to the title of the project, is the name of the series of pilots that includes the
central co-design toolkit and environment, that gathers any information about the
other pilots and transfers data and research knowledge to the generic toolkit that is
‘under construction’.
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II. Consortium participants
Metrixlab Rotterdam, NPD & innovation; Philips Design Eindhoven, product design;
D’Andrea en Evers Enter, product design; Avions Voisin Enschede, Car design and
manufacturer; Fabrique Delft, product design and consultancy; Scope Design and
Strategy Amersfoort, product design and strategy; WAAG Society Amsterdam,
product design, concept and prototype development; Fablab Amsterdam, user product
creation lab, worldwide network of product creation labs; First bv Product Creation
Enschede, product design and development; Prince Fibretech Dronten, fibre
technology
III. Project criteria
In order to make sure the entire producing industry can benefit from this project, it is
important that the deliverables are of value to as much members within the field as
possible. That is why the series of pilots should result in and accumulate towards a
generic outcome. This is done by having participants guide and provide a series of co-
design pilots, one after the other. The development of a widely applicable toolkit
configuration, based on research concerning – briefly written - co-design behaviour of
users, results in a generic design tool/-method, to be attended by users, offered by the
designer or producing company. The generic design-environment (toolkit/ platform),
will in the end be specified for each product or case, in order to optimize the toolkit’s
use. The co-design process, in which the user uses a toolkit, creates his design and has
the design executed by the appropriate (custom) manufacturer, describes a very short
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design-realization cycle. This short cycle requires the platform to guide the user’s
wishes carefully, and links the desired to the possible, and that it is designed well and
user-friendly.
The industrial problem to which this project will define an answer, concerns the
changes in the traditional business structures: supply chain issues and the reverse
direction to the traditional Diffusion of Innovations (Rogers 1962). These changes
create uncertainty and ask for adjustment of traditional approaches.
A multidisciplinary approach applies to the project: the objectives and research
questions of the project require a multidisciplinary team of participants. The changes in
business structure and effects of new communication and technology concern the
entire chain of actors in the product development practice. This is why it is important
to include a heterogeneous team of participants. The project will be attended and
watched from different angles.
IV. Participants, their role, user committee
Internally, there’s the chair holder of Product Design, to whom all areas and
perspectives of the project are interesting and relevant. The chair has done research
within the area of co-design in the last couple of years. The chair will be responsible
for the continuity of the project. Also from within the University some very relevant
knowledge and expertise will be added by the chair holders of Production Technology
and Marketing Communications & Consumer Behaviour. The chair of Production
Technology advises about the connection between custom design and manufacturing
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possibilities and evolvements. The chair of Marketing Communications & Consumer
Behaviour adds knowledge concerning consumer behaviour, their participation
behaviour and the relation to products.
To producing companies it is important to find a way how to act, in order to keep
up with new evolvements, and make sure that their relation with clients and industry
stays up-to-date. To industrial design agencies, the consequences of the changes may
be even bigger. Their involvement in the project is necessary, if not vital. Members of
the consortium will be specifically enabled to apply the knowledge from both
fundamental and industrial research to their various everyday practices, in between the
course of the project and afterwards. Members that actively participate by running one
of the co-design pilots are encouraged to implement and execute the pilot in the way
they prefer, off course within specific boundaries. The participating members have all
different characters, different expertise and skills, that can all add value to the series of
pilots and to the generic toolkit as a result. Being multidisciplinary, the consortium
covers most of the chain of co-design actors.
1. Metrixlab, that connects NPD/innovation research to their extensive worldwide
consumer panel, offers expertise and knowledge in the field of (among other areas)
user- and community research, concept tests, product-configurators and experience on
how to operate these kind of activities best.
2. Philips Design attends the project from various perspectives: the company
delivers state-of-the-art knowledge concerning consumer products, trends and
evolvements in the consumer market.
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3. D’Andrea & Evers (design for industry) is a product design agency, offering
design and engineering, and it specializes in emotion related design and styling. The
bureau is capable of translating the emotion and perception of the user into product
design.
4. Avions Voisin is a new car design and manufacturing company, situated in
Enschede. Avions Voisin’s cars will not be mass-produced, though will be custom
made: the aim is to deliver a small amount of cars per year.
5. Fabrique (multidisciplinary design agency), situated in Delft and Amsterdam,
has a respectful portfolio, divided in four disciplines: industrial design, public design,
graphic design and new media.
6. Scope (design en strategy) is a design agency specialized in design and styling
of products, the agency links the so-called craftsmanship of the designer to market
knowledge and vision. As part of their services they focus on the early stages of the
design process, by offering advice on a strategic level. The user-focused approach that
is clearly visible Scope’s works, applies very well to the scope of the ‘Collaborative
Design Lab’.
7. The Waag Society is a creative agency and knowledge institute, operating on
the cutting-edge of culture and technology in relation to society, education,
government and industry. Waag researches, develops concepts, pilots and prototypes.
Waag Society cooperates with cultural, public and private parties. Waag operates by
doing ‘Creative Research’, in which users are put in the centre, allowing them to act
upon the end result of a design process: the user as designer.
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7.a.  The Amsterdam ‘Fablab’, managed by Waag Society, adds another dimension to
the cooperation between university and Waag Society. The Fablab is a worldwide
network that provides workshop studios with various computer controlled machines
on every location (in this case Amsterdam), enabling individual people to design, make
and exchange designs, prototypes and models.
8. Design bureau First (product creation) operates in field of product design
and engineering. The agency offers extensive experience regarding consumer products,
professional, medical and office related products.
9. The company Prince Fibre Tech will have an advisory role, from a production
technological point of view: how will manufacture and production be connected to
custom user wishes?
V. Quality and innovativeness
Co-design is a rapidly evolving phenomenon. The given fact that only very recently
the first steps have taken place, and the first initiatives came into existence, in which
users actually are enabled to design their own products and have them one-off
manufactured as well, indicates the newness and innovativeness of the topics that are
being researched. The fact that developments in the field are running fast, and that
there is a clearly visible pattern to be aware of: the user taking part more and more
intensively, the tools to do so are improving, and people are getting informed and
equipped better and better, indicate the relevance of the project and the research
questions as well.
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Chris Anderson (in his influential book ‘The Long Tail’, 2008) refers to the
democratizing evolvements that can be concluded from platforms as Amazon en
Lulu.com (have your own unique book made), in which consumers are becoming
producers, and to the near future economy of ‘less of more’ (Anderson, 2008), instead
of an economy of hits and bestsellers (Fig. 3). In the near future, the ‘long tail’ could
very well apply to physical products, because of the numerous developments in the
rapid manufacturing industry.
Figure 3: ‘The Long Tail’ graph (Chris Anderson 2006/ Wired.com)
 Researching and exploring the role of the industrial designer and his job to provide
the co-design toolkit will reveal how to handle the changing business structures. These
changed structures as well as the disappearance of physical national borders are caused
by the same technological developments: the increased amount of information
accessible and the increased opportunities to add comments and feedback. Almost
anyone has access to the World Wide Web, and almost anyone can be reached. For
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that reason co-design is an international phenomenon, and its field of research does
not know any national frontiers.
Each pilot will create a co-design environment that together with the other
pilots in the project will provide the input for the definition of the all encompassing
generic toolkit. By doing this in an industrial research manner, the development of
that generic toolkit takes place within a real set of environments and factors. It is
important that the research and development of the toolkit are based on the
everyday practice.
VI. Problem description
Many authors write about the increasing power of the consumer, mainly caused by the
widespread availability of new information technology and new media. The scenario
described by relevant scientific sources refers to an economy that no longer follows
the ‘Diffusion of Innovations’ model (Rogers 1962, figures 4. and 5.); on the contrary:
the user takes the initiative (Marseille 2008, Von Hippel 2005), and in which the
producer makes whatever the user is asking for (Press 2007).
Co-design even turns around some conventions with regard to traditional supply
chain and design process models, and it represents a reverse direction to the traditional
division of labour trend.
It is of great importance and relevance that companies and others who are
concerned answer to the changed circumstances (Piller 2005). The best way to do so,
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when the design of products is concerned, is to provide tools and toolkits for users to
let them express their creativity and thus design their own products. Though, to which
categories of products this applies is not fully clear, nor to which product elements.
Important factors are the motivation and wishes of the user, the assistance needed
(provided by the toolkit or designer) when users are designing for themselves.
Figure 4. The traditional model of ‘Diffusion of innovations’ (Rogers 1962)
Figure 5. Inverse direction of product design: involvement creates bonding, efficiency and insight
Project goals
Besides the development of knowledge, resulting from answering the research
questions below, this project includes the development of a generic co-design toolkit
that will be facilitated by the designer/company and that enables the user to have
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influence on the design of a product. These industrial research case studies (pilots/
cases of co-design executed on location) are input for the fundamental part of the
research project and – simultaneously - will be designed and developed partly as a
result of the parallel research topics. The ‘Collaborative Design Lab’ is the name of a
series of industrial research pilots including the all encompassing generic toolkit ‘under
construction’, that will be fed by the industrial pilot tracks. Every part of the lab, each
pilot, exists of an interactive digital platform that provides a toolkit for co-design of a
specific product, accessible to the user panel. The toolkits will be attended and used by
actual users online, for co-design is a strongly online thing, making use of all benefits
that new technology and media offer.
Functionality of the resulting generic toolkit:
· The generic co-design (or custom design) toolkit will function as a digital
portal or platform that brings together suppliers, designers and users, offering product
design possibilities to users.
· Every supplier/company creates, through the designer, his own co-design
environment, based on the generic toolkit that will be the result of this project, with its
own profile of specific (product) settings, wishes and elements, concept design.
Settings are supplier specific, and can be changed, maintained, re-used.
· To the user, the platform (of which the toolkit is a part) offers, besides a broad
range of co-design opportunities provided by various suppliers, a medium
(intermediary) to view other custom designs, judge them or exchange and discuss
them.
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Research questions
From a user perspective:
1. Which products/ -categories and characteristics do people want to influence?
What products do people want to design themselves?
2. To what extend does the user need assistance in case of co-design? Which
differences are there between products?
From a supplier point of view:
1. How to respond to people’s individual demands? How to adjust to the new
business structure?
2. To what extend? Which single-piece manufacturing options are available?
With regard to the generic toolkit:
1. What will be the design of the generic toolkit that will facilitate the co-design
process?
2. How will product characteristics, user’s wishes and design freedom be
integrated?
The designer:
1. What will be the industrial designer’s job (with regard to the toolkit)?
Research approach
The fundamental and industrial research take place separately, as required, however
the tracks will help each other in finding answers to the problems and research-
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questions asked.  The research topics are in close correspondence with the research
that takes place within the chair of Product design at the University. The contents of
the fundamental research are divided in three fundamental research programs. The
research programs’ aim is to define answers to the research questions (see paragraphs
above). The industrial research takes place in a combined virtual and real environment.
Because co-design is a concept that works best when offered as an online application
(see introduction), this will be the starting point when defining the co-design pilots
setup.
From within the university, combined with externally located environments
inside participating design agencies, a combined ‘Collaborative Design Lab’ for
custom design will be developed.
A year after the initiation (a year in which suitable product categories will be
defined, see project planning) of the project the pilots (industrial research) will
have their take-off. For these pilots (see figure 4.), located at design agencies (see
consortium) so-called junior researcher will be very suitable. This junior researcher
will do the daily maintenance, design, location management and data collection. He
is surrounded by the design agency that provides the workspace/-environment, and
uses the experience and knowledge of the designer(s) around him, product specific
or process specific. Further, the pilot is used by users, potentially derived from the
online consumer panel. An ICT specialist will make sure that software is created
and available, and updated as a result from the various industrial research steps. In
this project, the design agencies, that represent the majority of the consortium,
play a big part, they are very important. They are important because they provide
MCPC2009: ’The Collaborative Design Lab: The Future Designer’
Submitted to 5th World Conference on Mass Customization & Personalization MCPC2009 16
product specific product knowledge, process knowledge, consumer knowledge
and specific design approaches, used as input for the various pilots.
The pilots will run one after the other, in order to make sure that there will be
transfer of knowledge form pilot a to b. Adjustments and other iterations can be
translated to the next pilot in the series, eventually leading to the best generic
toolkit possible within the scope of this project.
Apart from the direct lines between the various short industrial research cases
(the pilots), there should be opportunity to have diverse approaches per design
agency/ product case. It is in fact very important that pilots will be executed with
the help of specific design bureau approaches, in order to achieve a wider series of
relevant data.
Each pilot (figures 6. And 7.) contains these elements:
1. The toolkit: the configuration space (3D-modeller, matrix, menu), inside this:
2. The ‘provided skeleton’ at the same time the boundaries
3. Design space for the user, space in which the user does his creative thing
4. The interface between supplier and toolkit: What to offer? Depth, width?
5. The interface between user and toolkit: structure/ menu/ 2D/ 3D software
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Figure 6. The pilot scheme: the co-design~ or custom design environment
Figure 7. The industrial research configuration
Planning and timetable
The timetable shows the various different research tracks, among which the
industrial research pilots (yellow), and the three fundamental research programs.
Together they will answer the research questions. Progress of the project will
MCPC2009: ’The Collaborative Design Lab: The Future Designer’
Submitted to 5th World Conference on Mass Customization & Personalization MCPC2009 18
hardly be affected by the interdependence of the parts: executing of the different
co-design pilots and research programs could very well take place on a basis of
rather abstract starting points, if necessary. Though results from the industrial
research parts are of important value to the other parts of the research, done in this
project. In case one of the so-called pilots could unfortunately not take place,
several alternative scenarios (alternative co-design environments, fictitious cases)
will prevent the progress and quality of the project from any possible harm.
(See table 1 below) The blue track indicates the path that explores the products
and categories that suit co-design (related to the user’s preferences). This path
produces a first amount of input data that will lead to the definition of suitable
product, to be applied in pilot/cases. The yellow (industrial research) track
produces input and feedback to the fundamental research parts of the project, vice
versa. Above that, within the yellow track, there is interdependency (iterations)
between the subsequent pilots or steps, made visible by the overlaps. The
valorisation rows show how knowledge from fundamental as well as industrial
research will find its way to the trade of industry, in the course of the project. This
topic will be discussed further in the concerning paragraph.
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Table 1. The project timetable, the research tracks and programs (M= milestone: decision about
products to apply to pilots)
VII. Expected Outcomes
· Knowledge of how to deal with changes in traditional structures of product
development.
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· Knowledge that concerns the participation behaviour (participation
preferences) of people designing and developing a specific product. The
characteristics of the product and the assistance needed during the co-design
process are to be explored.
· Knowledge with regard to product-users and the influence they desire. What
type of influence: which areas, functionality, styling, materials used?  This kind
of knowledge will apply to specific product (-groups) and will be part of the
input that leads to generic toolkit.
· The design of the generic toolkit will be the sum of the toolkit itself and of the
interfaces between toolkit and user, respectively supplier (see figure ‘Pilot
Scheme’). The project brings forth knowledge in all areas, together generating
the generic custom design environment.
· A generic co-design toolkit that facilitates product design by users themselves.
· Knowledge regarding the designer’s task, his role in assisting the user and
coordinating the co-design process.
· Knowledge concerning the co-design possibilities provided, as seen from a
suppliers perspective.
VIII. Economic and societal relevance
Examples such as Lulu.com (Lulu 2009) and YouTube are showcases of what many
authors describe as the new economy (new technology: infinite storage and
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distribution opportunities, etc., (Anderson 2008)), which is the opposite of the so-
called ‘old economy’ of mass-production.
The traditional mass production system means inflexibility and big (stock-) risks,
problems that today’s manufacturers (increasingly due to the economic crisis) run into
quite often. On top of that there is the new ‘reality’ of market fragmentation (Kapferer
2008), as a consequence of the new media: people are highly informed and have all the
means to compare and evaluate quality of products (see also the introduction).
It is because of these evolvements that the industry has great interest in the
development of knowledge, concerning the process in terms of the generic toolkit, as
well as the specific product characteristics, as well as consumer co-design behaviour.
Concurrently, rapidly changing and improving manufacturing technology is
increasingly capable of answering the new (custom) demands. ‘Custom made’ requires
specific knowledge and services, particularly present in high tech countries as The
Netherlands.
In short, benefits of custom design/ co-design to the industry are (Piller 2008): (1)
better consumer insight, (2) more efficient logistics/distribution, (3) less products in
stock, (4) better relationship with the consumer, who‘s served individually.
The relevance of this project, and of the theme, to each of the partners of the
consortium (as members of the industry) is referred to in the paragraph that deals with
the roles and participation of the project partners.
Project goals - IPCR
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The project responds to the IOP-IPCR requirements very well: the ‘Collaborative
Design Lab’, dealing with the changes that occur with regard to the traditional product
development model, conveys the relevance of it to the industry. Implicitly, the industry
drives the scope of the project: the problem definition is fully argued from a supplier’s
point of view. Results from both fundamental programs and industrial research pilots,
executed in close collaboration with the partners, will find their way towards the
industry.
Societal relevance
Co-design or ‘custom design’ is strongly related to sustainability issues. The co-design
process increases so-called ‘product bonding’, as a result of creating a product
yourself (and the idea of having it made yourself). As a consequence, products are
produced in smaller series, and fewer products are created in general.
A positive purchase motivation is being generated when people are enabled to take
control over the design process, and products will last longer because of the bonding
between user and custom made product. Besides, due to changes in the supply and
demand structure, caused by technological developments, it is quite likely that
products have a second life more often, also resulting in a lower level of waste.
Today’s shift points in the direction of increasing diversity (Anderson 2008) when
both consumer’s wishes and suppliers offer are concerned; a positive evolvement with
regard to the user’s individual influence. This project hooks on to these evolvements,
even supports them, by providing the means to adjust to the structure of user design.
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As part of the developed online toolkit, the project and consortium strive for a locally
or regionally oriented supply structure to that toolkit: the desired custom product
should be made or assembled in the nearest area of the user, who just designed and
ordered the product. This is very well possible in case of a platform as proposed.
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Abstract 
User communities are a widely-known means of user integration into the innovation process. 
Communities provide their members with the opportunity to exactly create what they need and 
to benefit from each other by freely revealing their innovations and by giving assistance. A 
crucial aspect of the innovation management process is the fuzzy front end, since at an early 
stage of the innovation process the prediction market success is very difficult but of 
fundamental importance. We suggest using the feedback process during the idea development 
phase as a means to predict market success. This shows a major advantage since it provides 
the opportunity to predict market success at a very early stage in the innovation development 
phase. Major theoretical as well as practical implications are set forth. 
 
Extended Abstract 
One of the key challenges in innovation management is the upfront or fuzzy front-end of the 
product development process. According to Crawford (1979), on average about 35% of new 
products fail in the marketplace. Cooper (1999) argues that the great majority of new products 
do not even make it to the market, and those which do make their way still face a failure rate of 
up to 90%, depending on the industry and the specific company. A key factor contributing to 
the failures of new product introductions is the inability to accurately predict market success of 
new products (Shocker & Srinivasan, 1979). Even experts regularly fail to predict which 
products will succeed (Salganik, Dodds, & Watts, 2006). 
During the fuzzy front-end an organization decides whether or not to invest resources to 
develop the idea (Moenaert & De Meyer, 1995). Mistakes in this phase comprise two error-
types: the development and introduction of a product that would not be successful at the 
market is referred to as the alpha-error, whereas dropping a product that would be successful at 
the market is referred to as the beta-error (Crawford & Di Benedetto, 2000; Schmidt & 
Calantone, 2002). 
Communication and information technologies add new capabilities for rapid and inexpensive 
customer input to all stages of the product development process. During the fuzzy front-end the 
organization can provide interactive web-based games enabling users to verbalize important 
product features or carry out web-based conjoint analysis to present products, features, product 
use and marketing elements (Dahan & Hauser, 2002). Users can even be integrated into the 
design process by providing them with tool kits for user innovation or by giving them the 
opportunity to participate in an online user-community (Franke & Piller, 2004; Ogawa & Piller, 
2006; von Hippel, 2001). 
Research has explored the important role of user innovation communities in the innovation 
process in different industries (Franke & Shah, 2003; Nambisan, 2002; von Hippel & von Krogh, 
2006). Communities provide their members with the opportunity to exactly create what they 
need and to benefit from each other by freely revealing their innovations and by giving 
assistance. Contrary to what can be observed in the corporate domain, innovation-related 
information and assistance, as well as the innovations themselves, are freely shared within user 
communities (Franke et al., 2003; Harhoff, Henkel, & von Hippel, 2003; von Hippel, 2001; von 
Hippel et al., 2006). This peer assistance is extremely valuable for the innovation process, both 
in stand-alone online communities as well as in communities built around a user-innovation 
toolkit (Franke, Keinz, & Schreier, 2008). It is striking that some users receive a lot of valuable 
feedback on their ideas while others are hardly noticed. 
However, the emergence of the Internet and the associated appearance of online communities 
turned the problem regarding the decision whether or not to launch a certain product upside 
down. Whereas in earlier days it was very difficult to decide which innovation to develop and 
launch because of a lack of information and high transaction costs, nowadays the decision is so 
difficult because of so many ideas generated within communities. Thus the early detection of 
good ideas for innovations is of crucial importance.  
This research project, therefore, aims at identifying feedback-process patterns that allow an 
early prediction of the later market success. The study will be conducted in an online community 
in which the community members engage in innovative activities and give each other feedback 
and advice. Specifically, we will observe the feedback behavior in the online user community 
Threadless (www.threadless.com). 
The research project is divided in two parts: First, an explorative study of an online community 
will be carried out in order to understand the phenomenon of the feedback process in its rich 
context and identify dynamics in the feedback structures of the community. Furthermore, a 
coding framework for the content analysis of the comments will be developed. The first step 
serves as a basis for the development of the hypotheses. Second, a quantitative study will be 
carried out in order to test the hypotheses and thus answer the question how one can draw 
conclusions from the feedback structures of an online community to the market success of the 
ideas.  
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Abstract. The research presented in the paper attempts to help globalised organisations
to identify alternative supply network configurations and management strategies, to
respond to different customised order fulfillment demand scenarios within existing cost
and time restrictions. A case study of a machine tool manufacturer is presented. The
company has a global multi-plant network and imperative requirements for introducing
flexibility in a market demanding products with a high degree of customisation. Machine
tools have a total production lead time longer than the market time. Therefore, the
machine manufacturing process has to start before customers orders arrive. When an
order arrives, a machine that is in process must be allocated to it. Some relevant
information is collected and reviewed to carry out this allocation. The path across the
manufacturing network that the allocated machine is going to follow is generated, the
point where customisation will be executed to reconfigure the machine to the specific
order requirements is identified and the delivery time is communicated to the customer.
The research shows how this information is managed to make the allocation and how a
simulation tool is used as a decisional support system to identify better network design
alternatives for the location of new plants, warehouses, or logistics platforms, under
mass customisation scenarios.
Keywords. Mass Customisation, Order Fulfillment, Network Design, Decision Support
Systems, Simulation.
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1. Introduction
Market globalisation, world-wide procurement, geographically distributed
plants, more sophisticated customer requirements, increases in product variety, the
rapid entry of new technologies and greater uncertainty due to the reduction in
product life cycles, (Frey, 1994; Christensen, 1997), are hardening global
competition in general, creating a new dynamic environment for supply networks.
Spina et al. (1996), based on the study of 600 companies worldwide (IMSS
database), found evidence that this new dynamic environment has led to the
development of new managerial approaches, due mainly to the transformation of
competitive forces, with the appearance of responsiveness to demands, with a
greater degree of customisation, as a key factor (Kidd, 1994).
High value added manufacturing companies, like the ones of the machine tool
industry, that make very large, heavily engineered, stand-alone products that are
customized at the beginning of their production process face a unique challenge.
The reason is that their production processes are often characterized by a delivery
lead time that is substantially shorter than the production lead time, commonly
about half, and also the units' large size, and their high market value, limit a
company's ability to keep units in inventory until a matching customer order is
received (Raturi et al., 1990; Meredith and Akinc, 2006, 2009).
The research developed in this paper aims to gain understanding on how to
design and manage customised order fulfillment strategies to better meet today's
competitive pressures for faster delivery without increasing costs in machine tool
supply networks. To do so, an engineering research approach for performance
enhancement of systems has been taken, which combines case study research and
simulation modelling.
The outline of this paper is organised as follows. Section 2 presents a brief
literature review of different production strategies in operations management in the
context of mass customization. In section 3, the research aim and research
approach are specified. Section 4 presents MACTO case study; market context,
products, production processes, supply network configurations, as well as the
customer order fulfilment strategy and the machines allocation process and criteria.
In Section 5, the simulation analyses driven, to evaluate the potential benefits of
implementing different MACTO multi-plant network configurations for
introducing mass customisation strategies, are shown. Finally, section 6 shows
some preliminary conclusions and mentions future research working areas.
2. Literature review
The strategy adopted in this research to bring together, under the same
production system, the competitive advantages of product “customisation”
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(economies of scope), and the efficiencies associated with “mass production”
(economies of scale), is Mass Customisation (Pine, 1992; Tseng and Jiao, 1998).
Quoting Pine (1992): “Mass customisation denotes the ability to provide
customised products and services at a comparable price and speed of equivalent
standardised offerings”.
Steger-Jensen and Svensson (2004) classified different generic levels of Mass
Customisation (MC), in relation with different MC approaches, strategies, stages,
and types of customisation (Figure 1). The eight generic levels of MC occupy an
asymmetric position within the mass production – individual product
manufacturing (one-of-a-kind) axis, and can be associated with either Engineer to
Order (ETO), Manufacture to Order (MTO), Assemble to Order (ATO), and
Manufacture to Stock (MTS) strategies.
Figure 1: Taxonomy of MC that embrace both, the variety of products, and the stability of
processes. Source: Steger-Jensen and Svensson (2004)
In the capital goods sector, companies also face the trend toward greater
product customization in the context of reduced response times. When products
are highly customized and competition requires manufacturers to deliver it with
lead times significantly shorter than the manufacturing lead time, the scheduling
practice first suggested in the literature was to release the manufacturing order
before the customer order is released and subsequently match incoming customer
orders to units in progress. This strategy was firstly referred, by Raturi et al (1990)
as the Build-to-Forecast (BTF) approach, and more recently has been slightly
reviewed as Make-to-Forecast (MTF) by Meredith and Akinc (2006, 2007): “For
large engineered equipment, a relatively recent but increasingly common
production strategy has arisen to better meet today's competitive pressures for
faster delivery of more customized products without increasing costs. A hybrid of
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the make-to-order (MTO) and make-to-stock (MTS) production strategies,
manufacturers launch major product models to a demand forecast (MTS) and
then modify the partially completed products as the actual orders arrive (MTO), a
production strategy we refer to as make-to-forecast (MTF).”
In the automotive sector, Brabazon and MacCarthy (2004) have used a Virtual-
Build-to-Order (VBTO) approach. VBTO is an emerging order fulfilment system
that is intended to improve fulfilment performance by taking advantage of
integrated information systems. The primary innovation in VBTO systems is the
ability to make available all unsold products that are in the production pipeline to
all customers. As these authors state: “In a conventional system the pipeline is
inaccessible and a customer can be fulfilled by a product from stock or having a
product Built-to-Order (BTO), whereas in a VBTO system a customer can be
fulfilled by a product from stock, by being allocated a product in the pipeline, or
by a build-to order product.”
3. Research approach
The aim of the research is to gain understanding on how to design and manage
customised order fulfillment strategies in a machine tool supply network, in order
to make the network more flexible and efficient under changing demand scenarios.
The research approach adopted can be classified as an engineering approach for
performance enhancement of systems (Pritsker, 1997). For developing the research
we have based on: (1) Previous studies identified in the literature; (2) A case study
research of a machine tools manufacturer, denoted in this paper as MACTO, with
a global multi-plant network, and requirements for flexibility in their response to
markets which demand products with a high degree of customisation; (3) A
simulation environment which allows to conduct, for diverse conditions,
systematic testing of the structure and operation of this type of supply network.
It is a combination therefore of case study research and simulation modelling
research. Case studies are frequently used for exploratory and theory building
research (Yin, 1994). The simulation modelling research approach is also
fundamental to this research due to the high levels of interdependence between
constituent elements of these supply networks, their inherent feedback loops, non-
linearities, and delays, make network behaviour in the face of market demand
variations a dynamic process which generally produces counterintuitive behaviours
over time (Sterman, 2000), and therefore makes purely analytical approaches to
the problem inadequate due to the fact that they generally require too many
assumptions and also lack de la ability of effective communication (Fowler, 1998).
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4. Case description
4.1. Company and market
MACTO is a Spanish SME that manufactures and sells machine tools, specifically,
milling machines and milling centres. It has an extensive catalogue that includes
several families depending on the machine size, bed type and column type. The
machines have different levels of customisation, ranging from very special
machines that are manufactured based on customer specifications to more standard
machines that the customer decides on by selecting from a menu of options
established beforehand by the company. This allows MACTO to satisfy a wide
range of customers from sectors as diverse as aerospace, capital goods, railways,
subcontractors or mould & die manufacturers.
For the case study presented in this paper the MC-1 product family was
selected, which is basically made up of standard, small milling machines of the
fixed bed and fixed column type. This product is principally sold in three markets:
Spain, Germany and Turkey.
Over the last few years a continuous increase in market pressure on
manufacturers has been detected, with demand for greater product customisation
capability, shorter delivery times and increasingly competitive costs. An example
of this is what has happened with the products in the family selected for the case
study: the market demands delivery times of about 14 weeks, which is clearly
shorter than the production time which is 30 weeks.
4.2. Product atributes and options
The MC-1 milling machines are small machines with a complex structure made up
of thousands of different items. These items are grouped together in functional
units known as attributes. An attribute can be fixed or belong to a range of values
called options. As customers configure their order by selecting for each attribute
the option best suited to the machine they need, a combinatorial problem is
generated which could be in the order of billions, as in the case of the family
selected.
For this family, MACTO has established the attributes and options given in
table 1.
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Table 1: Attributes-options for the MC-1 milling machine family
The way these attributes and options are dealt with is different if the machine is
manufactured on the basis of a customer order, Build-to-Order (BTO) machine,
when all the options available can be selected, or based on forecasts, Build-to-
Forecast (BTF) machine. In this case, the number of BTF machine variants is
reduced, limiting the options available for certain attributes or establishing a fixed
value for others which, in some cases, can take the value ‘no’. In this way, the
number of product variants is drastically reduced from a theoretical figure of
2,548,039,680 possible combinations to a figure of 384 variants when the launch
was planned. Actually, the main aim of this strategy is to manufacture a set of
basic BTF machine skeletons which will be subsequently completed when they are
allocated to customer orders. This strategy gives the product great adaptation
potential so that, quickly and easily, it can be adapted to the huge product
variability generated by the combination of attributes and options available.
4.3. Production process
The manufacturing process for any milling machine in the MC-1 family takes about
30 weeks. This time only takes into account the planning, launch and
manufacturing activities for the machines, but not the shipping, transport and
clients’ in house installation (Figure 2).
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Figure 2: Manufacturing process stages for the MC-1 milling machine family
The process starts with the order planning stage. This activity is carried out
regularly every 2 weeks and consists of determining the amount and characteristics
of the machines that are going to be manufactured. Once planning has been
completed, launch takes place and orders are placed with suppliers. The materials
ordered are received during practically the whole machine assembly process.
However, a procurement stage has been established that covers all the materials
that have to be in the plants before assembly of the machine starts. This phase
takes about 14 weeks coinciding with the procurement time for cast-iron and
machined parts, e.g. the XYZ traverses.
The procurement phase is followed by the initial assembly of the machine which
takes 7 weeks. In this stage the assembly of the XYZ traverses takes place,
together with the preliminary mechanical assembly operations, the assembly of the
common modules in a milling machine and the first fine tuning of the electrics.
Once initial assembly has been completed two situations can occur: (1) The
machine has not been allocated to a customer order so it remains in the assembly
location as “stock” until an order will be allocated to it; (2) The machine has a
customer order allocated and goes onto the final assembly stage  in order to carry
out the machine reconfiguration operations, adapting it to the customer order
requirements, fine tuning of the electronics and mechanical part, installation of the
shrouding, in-plant testing, painting of the machine and customer reception. This
stage takes approximately 7 weeks.
Finally, the machine is dispatched and taken to the specified place where it is
installed and handed over to the customer. Between 1 and 2 weeks are necessary
for this.
4.4. Supply Network configurations
The MACTO Supply Network has three assembly plants, two of which are located
in Spain and the third in Hungary.
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Figure 3. Present and future MACTO Supply Network configurations
For supplying all the commercial components necessary for the machines
assembly, there is a Central Warehouse in Spain (MCW) in which all the purchases
are centralized. Commercial components are distributed to the assembly plants
depending on the needs generated by the assembly planning system.
Assembly operations corresponding to MC-1 machines only they take place in
the assembly plant 1 of Spain (MAP 1) and in the assembly plant 3 in Hungary
(MAP 3). Initial assembly stages are done in Hungary which has its own supplier
network for cast-iron and machined parts. Finished the initial assembly, machines
are transported to Spain where customisation operations, electrical and mechanical
assemblies, careenage, tests and painting are done. In the same plant takes place
the machine inspection and approval for the customer before shipping to the
destination where final installation in house will be done.
At present, MACTO is evaluating the possibility of introducing a new global
strategy maintaining current strategy for the Spanish market and assembling
completely the whole MC-1 machines family in MAP 3 (Hungary) for the German
and Turkish market. To materialize this strategy it is necessary to invest in the
Hungarian plant facilities and to increase the technological training of its staff. This
investment has to compare with the production cost reduction due mainly to lower
Hungarian staff costs and lower transport costs for the proximity of the plant to
German and Turkish market.
4.5. Customer order fulfillment strategy
In order to try and adapt to the 14-week delivery time demanded by the market for
MC-1 milling machines, MACTO starts manufacturing machines that have no
customer order allocated in the expectation that as the company receives orders
these will be allocated to the machines which have started to be manufactured. To
implement this strategy, the design of the product enables the characteristics of
BTF machines to be specified in two stages. In the first stage, the planner builds
the generic skeleton of each BTF machine, establishing only those characteristics
that are essential to start manufacturing, e.g. the lengths of the XYZ traverses or
the type of head. For the rest of the machine specifications the default values are
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taken from the options available. The second stage takes place when the company
receives a customer order and tries to allocate it to one of the BTF machines with
no order allocated in any of the stages of the manufacturing process. Aspects like
coinciding functional nature, delivery date, reconfiguration cost and the
importance of the customer are assessed. When allocation is possible, the
attributes of the BTF machine selected take the values indicated on the order,
which is why the service strategy is going to be called Switch To Order (STO).
The use of the STO strategy, postponing the final configuration of the BTF
machines, has several advantages:
• Drastic reduction in the number of variants to be taken into account in the
planning operation.
• Increase in the probability of allocating BTF machines to customer orders
reducing the financial costs of keeping BTF machines in stock waiting to be
allocated.
• Reduction of the average delivery time to the customer as the times will be
shorter than the production lead time depending on the position in the supply
network when/where allocation takes place.
When it is not possible to find a viable allocation in terms of the functional
nature required, delivery time or costs, the machine will be a Build To Order
(BTO). In this case, the delivery time is the maximum possible, 30 weeks.
4.6. Machines allocation process and criteria
When MACTO receives an order for an MC-1 milling machine, a search is carried
out for the one that best meets the customer’s requirements. This search it is done
among all the BTF machines previously launched to the SN and which still have
not been allocated. Due to the high number of machine variants that can result
from the customer order configuration and the fact that the number of BTF
machines in the SN is limited, the probability of finding an exact match between
orders and BTF machines is practically zero. For this reason, a set of criteria have
been established to tackle this problem. These criteria, used in the allocation
process, are the following ones:
(1) Technical compatibility: Allocation can only take place if the values for
certain attributes considered critical (e.g. lengths of the XYZ traverses)
coincide and certain options are not selected (e.g. Siemens CNC).
Otherwise the machine has to be manufactured on a BTO basis.
(2) Economic margin: The margin Mi for the BTFi machine at the moment t
of allocation has to be equal to or greater than the minimum margin Mmin
of profitability set by the company.
Mi(t) £ Mmin
Mi(t) = SSPi - DFCi(t) - RCi(t) - PCi where
SSPi: Standard selling price of the BTF machine i.
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DFCi(t): Additional financial cost accumulated in the BTF machine i
up to the moment t of allocation.
RCi(t): Reconfiguration cost for the BTF machine i at the moment t
of allocation.
PCi: Production cost of the BTF machine i.
(3) Delivery time: Period of time DTi from the moment t of allocation of the
BTF machine i to the completion of the manufacturing process.
(4) Customer profile: Aspects like the importance of the customer for the
company, the probability of them not accepting the resulting delivery time
or the probability of admiting functional modifications with a moderate
additional cost or with more competitive delivery times have to be
evaluated for each BTF machine.
A process has been established to carry out efficient allocations of orders to
BTF machines. The process aims for an effective balance between the best
conditions which the customer can be offered in terms of delivery time and cost
and the highest possible margin that can be generated for the company reducing
the financial and reconfiguration costs. The allocation criteria mentioned above are
used following the following evaluation process:
(1) If the delivery time for the customer order (DTi) is longer than the
production time, the machine requested is manufactured on a BTO basis.
If the delivery time is shorter, the machine ordered is compared with each
of the BTF machines not allocated in the SN.
(2) All the BTF machines that are not technically compatible are ruled out. If
there is no BTF machine that can be allocated to the customer order, the
machine ordered has to be manufactured on a BTO basis.
(3) Margins and delivery times are obtained for all the remaining BTF
machines for the moment t of allocation and those whose margin Mi is
lower than the Mmin are ruled out. This margin can be for all the BTF
machines depening on how important the customer is for the company or
for each individual BTF machine depending on how urgent it is to sell it.
(4) An order of priority for the allocation of the candidate BTF machines is
drawn up, ordering them from higher to lower margin and, if it is the
same, from shorter to longer delivery time.
(5) The probability of the customer accepting the delivery time and the
introduction of modifications to the machine ordered is evaluated. The
selling price and the delivery time to be offered are determined for each of
the candidate BTF machines.
(6) The candidate BTF machines, in the established order, are presented to
the customer. If there is acceptance by the customer the BTF machine
selected is allocated to the customer order. Otherwise, the customer is
offered the possibility of manufacturing the machine on a BTO basis. If
this is not accepted the customer order is classified as a failed order.
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The time that the BTF machine expects to be allocated to a customer order,
increases the financial cost and delays the assembly of other machines that need
free space to do it. In some cases, it is possible to offer additional functionality if
the cost increase is lower than the reconfiguration cost needed to match the
customer requirements.
5. Simulation analysis
MACTO wanted to evaluate the potential benefits of implementing the new
strategy (see Figure 3) over its supply network performance metrics. To do so, a
developed simulation tool was used (Castellano et al., 2007, 2008). This tool
implements a conceptual model that allows to analyze multi-plant networks
configurations for introducing mass customisation strategies. That model is
described in detail in Saiz et al. (2006, 2008). MACTO Supply Network
configurations have been modeled with this tool, and different simulation runs have
been executed to evaluate the new strategy viability.
All the simulations have been done on the basis of the same demand series; 66
customer orders for MC-1 milling machines, obtained from the real annual sales
sequence. The configuration of each demanded machine was determined from real
customer orders statistics: (i) Local strategies, meaning that replenishment, restocking
procedures, were the same for each plant in both simulation runs; (ii) And also neither
component purchasing costs nor supply network management costs were modified in
either run
Table 2: Simulation runs outputs
Table 2 shows the results of both simulation runs. It can be highlighted an important
reduction in each MC-1 machine total cost; from €205.894 with present strategy to
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€190.206 with the new one. For all the 66 MC-1 machines, the improvement goes
beyond the €1 million, what meanss a 7,62% cost reduction. Taking into account that
purchasing and management costs were kept identical for both simulation runs, 69% of
the improvement is down to the manufacturing costs reduction derived from lower
personnel workforce costs, and the 22% transport costs reduction is due to the
proximity of assembly plants to the customers’ locations. Also, a decrease of inventory
level is recorded, what means a 9% costs saving in stock management activities, 5 days
of average delivery time cutting and an improvement of 7% in customer service level.
6. Conclusions
The use of some simulation techniques and tools constitutes a valuable decision
support approach in the strategic design of supply networks with mass
customisation challenges. The decision making process in this kind of scenarios
has high levels of complexity. A simulation tool like the presented in this paper,
can help managers to estimate more precisely the impact in costs, lead times, and
inventory levels of a service strategy like STO in the case of MACTO, in front of
different alternatives of supply network configurations and compare results.
The mix of products, manufacturing processes or staff technical competences
that should be assigned at each supply network plant, as far as the possibility of
creating a new warehouse to improve customer service, typical strategic decisions
for a efficient supply network configuration, should be aligned with company
customisation strategy. Risky decisions related to the type of products that are
going to be served to each market, the strategy needed for each of them, the level
of customisation offered, the location of the decoupling point for each order in the
supply chain, etc, require tools that can take a systemic and dynamic perspective
and capabilities for processing high amounts of databases.
Deepen knowledge in the relationships between customization strategies and
supply network configurations, in improved allocation criteria to use in STO
strategies or in the comparison of this strategy with others like ATO (Assembly To
Order), are challenges that open a wide and interesting work area for the research
community.
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Abstract. The mass customization of shoes is one area which is in the focus of the
academic and practitioners discussion since the beginning of the emergence of the
basic concepts. Since these days we observed many different projects in this
industry with different approaches and success in scaling these projects onto a
mass level. We show in this case study the key factors and experiences of
replicating a best fit based mass customization concept in a well chosen area of the
shoe market, mass customized skiing boots, where we concentrate on one of the
mass customization possibilities of individual fit and eclipsing the other main
feature of style.
Keywords. Mass Customization, Apparel & Shoe Industry, Case Study
Introduction
Since the first Mass Customization & Personalization Conferences the shoe
industry was always in the spotlight for the idea of bringing individualized
products and mass production together to the consumer [Piller, 1999]. The appeal
of the two additional features of fit and personal design combined with a shopping
experience seemed for many researchers and practitioners as obvious as the right
strategic answer for high quality producers not willing to compete only on a price
basis. Different empirical studies showed that the consumer’s perception of these
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additional possibilities outweighs a higher price and the delivery time compared to
another standard product in the same category. Other researchers focused on the
different costs along the value chain comparing mass customization and mass
production [Anderson, 2004]. Following this strategy a few companies from
totally different segments of the shoe industry like The Custom Foot, Creo
Interactive, adidas, selve, leftfoot company, Otabo, Zazzle.com, prior2lever,
Salomon custom fit, Pakerson or Carnac Cycling Shoes pioneered a mass
customization offer in their markets. Even though mass customization in the shoe
industry is in different shapes on the market since more than ten years now the
locations to buy customized shoes are still sparse around the globe and not as
projected in the early years.
On the other hand we see in some areas an overwhelming demand for customized
shoes [Rutschmann, 2003]. The Munich based Sport Shop Ertl/Renz started in
2006 selling standard ski boots with the possibility to individualize these kinds of
shoes to the customer’s feet by the standard, hand crafted methods more or less
like many other stores in the boot fitting scenery do. Because there is on the one
hand a tremendous demand for customized ski boots represented by doubled sales
each year and the highest sales rate in Germany for high quality ski boots in this
shop (approx. 1.500 pairs per season) and on the other hand restricted possibilities
to replicate this local concept to other store locations, Ertl/Renz and the 3D
scanning specialist corpus.e [Rutschmann, Josten, 2003] started to overcome these
constraints by forming a concept and technologies under the brand name “a
misura” to industrialize the supply of individualized ski boots.
This concept was tested two years ago starting in the flagship store by dividing the
customization process into the parts with consumer interaction and the production
and delivery of the customized product. Before that the gathering of customer
relevant information like skiing type or foot measurements was not standardized
because often one person was responsible for the whole process and therefore
there was no need to transfer the information between the employees or locations.
We then built up a standard procedure starting with a short survey with a few
questions to ask the customer followed by a 3D footscan with an integrated
pressure sensor. This information is then stored in a Customer Relationship
Management (CRM) System combined with remarks of the sales person. We also
developed the possibility to make a 3D scan of the inside of shoes because the
suppliers of the standard ski boots are not willing or able to give out the exact
measures of the ski boot. All these 3D measurements of the shoes are stored in a
database and the sales staff could find the best matching standard boot by clicking
on one button letting the internet based matching engine find the geometrical best
fit between the 3D footscan and a shoe from the database. This fit is then be
visualized to the customer who can see now how his foot will fit inside of the
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suggested ski boot like an x-ray. The sales professional could then exactly explain
why or why not this standard product is fitting and what could be improved by
customizing the shoe.
If the customer decides to buy the customized ski boot the outer shell will be
individualized to the customer’s feet by a thermal process. Therefore the former
hand crafted production was improved by having the exact inner form or last of
every ski boot from the inside shoe scan. With this perfect mold the areas to
change for a customer can now be easily changed on the mold and the boot could
afterwards be formed to the customer’s necessities by pressing the individual mold
into the heated outer shell. The whole production process can be conducted based
on the information taken in the sales process without the need of the sales staff or
the customer again. Also an individual milled insole is modeled and optimized for
the customer’s mass customized ski boot.
In the last winter season in 2008/09 following the above fundamental
industrialization of the process two years ago we tested the replication of the
processes to different store locations. We’ve chosen two stores between 100 and
200 km away from the location of the centralized production. One store was
chosen in a skiing area on the northern side of the Alps in Garmisch-Partenkirchen
where the World Championships will be in 2011, the other one nearby the next
economically strong area of Stuttgart. Both stores were equipped with a shop-in-
shop system with an integrated 3D footscanner, the matching software to find the
best fitting standard shoe and the CRM system to collect all the necessary
information. After advising the customer and taking the necessary scan
measurements and other relevant information the data is automatically transferred
via internet to the production site. There the product is customized as described
above and the individual customer shoe is delivered back to the store where the
customer can pick his product up a few days later.
For the next season we will have approximately ten shop-in-shop locations around
Germany selling the customized ski boots based on the high quality central
production with the knowhow and machinery to deliver a better customization
quality than all other hand crafted boot fitters. These stores will be located in other
major cities of the country and also in notedly skiing affine areas around the Alps.
We are also preparing to sell on the same technology basis other shoes with a high
potential of misfit like hiking, cycling or golf shoes.
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Experiences
We have explicitly chosen ski boots as a type of shoe where one dimension of the
additional features of mass customized shoes is important, the fit, and the other
new possibility of individual style is not as important. All other shoes which are
targeted onto the same platform are all relatively inflexible shoes where the fit to
the foot is a fundamental function of this kind of sports equipment. This
assortment allows us to keep the complexity of expectations on a lower level.
The most critical part in scaling up this shop-in-shop concept is the point of sales
and the staff dealing with the expectations of the customer. On the one hand there
is a great need in explaining what kind of offer is made with the mass customized
ski boots. Therefore we recognize how important visualization technologies for
this special kind of sales process are. Because we are able to show on the
computer screen how the customer’s foot will fit in a mass production standard
shell we can also explain very transparently in which areas there are potential
fitting problems. The customer understands very clearly what is done then when
the boot is customized and for what kind of service the surplus has to be payed.
What is also a daily experience is that the customer who is unsatisfied with the fit
of standard products expects then with this mass customization offer a cushy shoe
more like a slipper and not like sports equipment which has to transform the
biomechanical power best possible onto the ski. This phenomenon is like giving the
customer an inch and he will take an ell. Therefore the quality of the management
of expectations at the point of sales is one of the most important and critical parts.
Another experience is the necessary coverage of the sales regions. We’ve made a
survey in the most important german skiing magazine where we’ve asked the
potential customer how many kilometers he is willing to travel to get a high quality
customized skiing boot. The outcome was interesting in the way that for this kind
of niche product 40-50% of the customer’s are willing to travel up to 250 km.
Therefore in this market it could be that there is no need of vast number of sales
locations.
Other important factors like price (or surplus) and delivery time - which were
subject of several surveys and papers [Piller, 2002] – are varying for this product
dependant on the kind of area the shop is located. In locations in skiing areas the
typical customer is a guest who arrives in most cases at Saturday and exerts to get
the skis as fast as possible onto the slope. In this case the delivery time is one of
the key factors. On the other hand there is a high anticipation that in this area the
shops have a profound knowledge about the perfect fitting ski boot. Therefore the
customer’s are often willing to pay a surplus for this service compared to the same
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offer in other regions. If the shop is not located in the typical skiing areas the
customer’s are able to manage longer delivery times around one or up to three
weeks because they normally have a much longer booking lead time for the
accommodation. If the custom fitting ski boot solves the problem of hurting feet
the customer’s are also willing to pay a surplus for this service to the standard high
quality mass production boot (for an average price of 450 EUR) in the area of 100
to 200 EUR (resulting in an average price for the customized product of 650
EUR).
The breakeven point for the shop-in-shop hardware for a sales point is reached
after selling about 150 pairs of ski boots. This is approx. 10% of the per year sales
the flagship store in Munich is selling. The shops are asking for extending the
service on other products in other seasons than autumn & winter and for using the
infrastructure also for standard mass products. Therefore the explanation for the
customer is much easier if the mass customized is the top product on top of the
standard mass products from which the customer can choose as the case arises.
The need for fit customization depends on the extend the mass products are
covering the customer’s foot forms in an adequate way. We experienced in the ski
boot area that within about 5.000 scanned customer’s there are only about 5 where
there is no need for changing the form of the product.
Conclusion
In segments of the shoe industry where the fit of a shoe is evident for the
functionality of the product and where the shoe is stiff we observe many
customer’s with problems to find the right product [Luximon/Goonetilleke 2003].
The most common way for mass products is the trial and error method in finding
the best fitting shoe with the outcome that normally a too big shoe is chosen to
allow to wear the product but resulting in other problems like fewer footholds
[Janisse 1992]. In most of the cases small individual changes result in a high
customer satisfaction. By supporting the most important interface to the customer,
the sales staff, with a high level of visualization tools the customer sees directly
and on an objective basis what kind of service he is paying for. Than the customer
is normally willing to pay a surplus for this service and accepting the longer
delivery time.
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Abstract. For years the use of software-based product configurators has produced a
number of benefits for engineering-oriented companies. However, achieving such
benefits can be challenging, and often configurator projects do not succeed. A main
reason for such failures is that the tasks of developing and maintaining configurators
often are very challenging and time-consuming. With a focus on reducing the efforts
needed for development and maintenance of product configurators, this paper describes
an emerging technology that makes it possible to automate the conversion of conceptual
product models made by ordinary product experts into the knowledge base of a
configurator, and the other way around. Thus, this new technology enables new ways of
carrying out the tasks of configurator development and maintenance. This paper defines
the new use patterns that the technology enables and deduces the possible benefits
compared to existing approaches. To investigate if the new technology can fulfil its great
promises, a case study is presented in which the technology has been applied.
Keywords. Product configuration, Product configurator, Configurator development,
Configurator documentation, Conceptual modelling.
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1 Introduction
A product configurator is a software-based expert system that supports the users
in the specification of customized products by restricting how different elements
and their properties may be combined. The use of configurator technology means
that product specification tasks, which normally require human experts, can be
automated. This paper focuses on engineering-oriented companies, which
represent the most complex cases of configurator technology. In engineering-
oriented companies configurators have been reported to provide a number of
benefits, such as: shorter lead times, improved quality of product specifications,
preservation of knowledge, use of fewer resources for specifying products,
optimized products, less routine work, improved certainty of delivery, and less
time needed for training new employees (e.g. Ardissono et al., 2003; Hvam, 2004;
Forza and Salvador, 2002; Forza and Salvador, 2007). However, achieving such
benefits is by no means a guarantee when initiating a configurator development
project, but in relation to the development and the maintenance of a configurator,
there are great challenges to face.
Gathering and representing relevant information is one of the most difficult
tasks in configurator projects (Sabin and Weigel, 1998; Hansen, 2003; Hvam et al.,
2008). Thus, in many cases, before initiating the development of the configurator,
the information to be included is firstly defined in conceptual models to allow a
clear focus on product information, while, to some extent, avoiding consideration
of how this should be implemented later. Conceptual models provide a basis for
discussing what to include in the configurator and how this information is
structured. Thus, relevant product experts need to understand the conceptual
models. Since product experts most often do not posses expertise in conceptual
modelling or software development, the language used for the creation of
conceptual models needs to be relatively easy to understand. Upon completion of
the conceptual models, these are to be implemented into the knowledge base of a
configurator, which are manual tasks of translating conceptual models to the
configurator software syntax and typing this into the configurator. When a
configurator has been developed and implemented in an organisation, the
maintenance phase begins. In this phase, the configurator needs to be updated
when the products in focus change. In many cases such updates imply a need for
product experts to evaluate the existing implemented knowledge in order to
change or extend it. However, the modelling environment of configurators seldom
provides overviews of the implemented product information that are adequately
comprehensible for the product experts. Thus, for product experts to understand
what is implemented in the configurator, external representations are often needed.
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Documentation of configurator knowledge bases is, however, a time-consuming
task that often seems to be neglected (Edwards et al, 2005; Hvam et al., 2005).
This paper focuses on making the tasks of developing and maintaining complex
product configurators easier. Thus, the paper describes and evaluates a new type
of software module, which aims at automating the information transfers from the
conceptual models to configurator software and the other way around. Obviously,
an automation of such processes promises large reductions of the efforts needed
for the development and maintenance of configurators. However, it needs to be
clarified what this software module actually offers. Thus, this paper aims to answer
the questions: (1) how can this new software module change the ways in which
configurators are developed and maintained? and (2) how well does it work in
practice?
The remainder of the paper is structured as follows. Firstly, section 2 describes
how product information can be represented and resumes literature on
documentation in configurator projects. Next, section 3 describes the methodology
used to answer the questions in focus. Section 4 analyses a new technology for
exchange of information between conceptual models and configurator software,
and deduces the use patterns and possible benefits that the technology enables.
Section 5 presents a case study in which the new technology has been applied. The
paper ends with conclusions in section 6.
2 Background
This section shortly clarifies the type of documentation in focus, i.e. in which
format the information can be. This is followed by a review of research done on
the topic of documentation in product configuration projects.
2.1 Representation techniques for conceptual modelling
Normally, bills of materials (BOMs) are represented as flat or hierarchical lists of
components with information such as item number, name, and quantity. Thus,
representation of normal BOMs does not require special notation or software.
However, representing an entire solution space for a product family (in a generic
product information model), which includes hundreds, thousands or millions of
possible instances (BOMs), posses other requirements on the representation
formalism and the software used for creating and maintaining it. Three commonly
applied techniques in configuration projects are: (1) the PVM technique; (2) class
diagrams; and (3) CRC-cards (class responsibility collaborator) (Felfernig et al.,
2000; Hvam, 2004; Edwards et al., 2005; Haug and Hvam, 2007a; Hvam et al.,
2008).
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The PVM technique is a formal way of representing generic product
information. PVMs describe classes (representing components, assemblies or
principle classes), class attributes (properties), relationships between classes, and
constraints that define how classes and properties may be combined. PVMs consist
of two generic sections, in the left side part-of (whole-part) structure and in the
right side kind-of (generalization-specialization) structure. Different definitions of
the PVM notation have been proposed by Mortensen et al. (2000), Harlou (2006)
and Haug (2007). Based on the latter definition, which represents the most
extensive and formalized of these definitions, a principal example of the PVM
technique is seen in Figure 1. In the example, the guillemets (<<...>>) are used for
indicating that the class 'BodyAssembly' is a class of the type 'assembly'.
Figure 1. Example of the PVM technique.
Compared to PVMs, class diagrams are much more widely applied, not least in
general software development. Class diagrams are part of the Unified Modelling
Language (UML), which, in the 2.0 version, includes 13 diagram types (OMG,
2005) of which the class diagram is the most frequently used (Fowler, 2005).
Figure 2 shows a principal example of a class diagram applied for describing
product information. Here it should be noted that navigability arrows are
sometimes added on the composition and association relationship lines.
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Figure 2. Example of class diagram.
The choice of using PVMs or class diagrams in configuration projects implies
different advantages and drawbacks. Studies show that while class diagrams
represent a richer, more flexible and more formal notation, PVMs are seemingly
easier to learn and review for persons without experience in conceptual modelling
or software development (Haug and Hvam, 2007a; Haug and Hvam, 2007b). Also,
studies of Danish companies engaged in configuration projects show that PVMs
(or variants of this notation) are much more commonly applied than class diagrams
in such projects (Edwards et al., 2005; Hvam, 2004; Haug and Hvam, 2007a).
When using PVMs or class diagrams for the representation of generic product
information, the amount of information to be included in such models can become
very extensive, implying that the overview of these diagrammatic models is lost.
To avoid this, sometimes detailed information about classes are placed in CRC-
cards (Class-Responsibility-Collaboration-cards) (Hvam et al., 2008; Haug and
Hvam, 2009). CRC-cards include a number of different fields, which varies from
company to company (Haug and Hvam, 2009). Figure 3 shows the CRC-card
definition from the book by Hvam et al. (2008). In these cards the 'methods fields'
are for describing information about methods and what is referred to in other
contexts as constraints or rules. 'Product methods' concern products and their life-
phase properties, while 'system methods' concern software aspects of a
configurator. 'Internal methods' refer to the internal structure, functions and
properties of a class, while 'external methods' refer to interfaces to others classes.
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Figure 3. Example of a CRC-card definition (Hvam et al. 2008).
2.2 Documentation of product information in configuration projects
During 2003 and 2004, the experience with product configurators in twelve
Danish companies was investigated in a research project (Edwards et al., 2005).
This research project showed that the documentation task was often one of the
first areas to be given a low priority or even cut out of the project. The research
project also pointed to a list of negative consequences of not documenting what
had been implemented in the knowledge base of a configurator. For some of the
investigated companies this meant that they were unable to further develop their
configurators within reasonable use of resources, for which reason projects had
been abandoned or configurators rebuild. Another unfortunate effect reported was
that the lack of documentation had a negative impact on the daily communication
between the people involved in product development and configurator
development, because of misunderstandings and dysfunctional configurators.
In many cases, the lack of external documentation of what has been
implemented in a configurator may be explained by a lack of appropriate
documentation tools (Hvam et al., 2005). This is in particular the case when using
PVMs and CRC-cards for which no dedicated software tools have existed until
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recently, in contrast to tools for the creation of class diagrams. Thus, the software
applied when creating PVMs and CRC-cards is such as MS Visio, Excel, Word,
AutoCAD and Lotus Notes. However, since none of these programs are targeted
at the creation of PVM or CRC-card models, they hold a long list of limitations.
An example of such limitations is the missing link between attributes and the rules
that use these attributes. This means that if an attribute in a PVM model is referred
to in some rules, there is no mapping between the attribute and the rules, for which
reason if the attribute changes, the rules become incorrect and must be changed
manually. Also, if PVM classes are described in CRC-cards, there is no mapping
between the descriptions in the PVM model and the CRC-cards, although they
refer to or describe the same elements. Such issues can make the creation and
maintenance of conceptual models very time-consuming and imply that errors
occur. Responding to the apparent need for software better suited for the
documentation of the configurator knowledge bases, research on this topic has
been carried out.
Hvam and Malis (2001) investigate five standard configurator software shells.
They conclude that none of these software shells include the needed features for
supporting the documentation task in configuration projects. Based on their
experience from several Danish configuration projects, Hvam and Malis (2001)
define requirements for a documentation system: (1) easy to maintain, (2) facilitate
the modelling techniques PVMs, class diagrams, and CRC-cards, (3) have central
storage of data, (4) support network distribution of data, (5) support multiple user
access, (6) integrate the modelling techniques, (7) include version control, and (8)
allow integration with product configurators. Furthermore, they describe the
development of a documentation system prototype at GEA Niro A/S, based on
Lotus Notes.
Later, the prototype described by Hvam and Malis (2001) was further
developed and taken into use by the companies GEA Niro A/S and American
Power Conversion A/S (Hvam, 2004). The use of the Lotus Notes based
documentation system has shown that there are great benefits from applying such a
tool for the maintenance of product configurators, but also that the Lotus Notes
based systems have significant limitations (Hvam, 2004). From a modelling point
of view the Lotus Notes based documentation systems fail to offer support for the
elaboration of class diagrams or PVMs, but only include CRC-cards together with
a hierarchical list of classes that does not include attributes, constraints, or kind-of
structure (generalisation). Consequently, both mentioned companies, which use the
Lotus Notes application, apply other software for the creation of PVMs when
making big changes or additions to their existing models. In Figure 4, a screenshot
from the documentation system of GEA Niro is shown.
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Figure 4. Lotus Notes a documentation system (Hvam and Malis, 2001).
Hvam et al. (2005) interviewed four Danish manufacturing companies that use
product configurators in order to investigate what kind of documentation system
support they need. They translate the answers into a set of overall requirements for
a documentation system: (1) a coherent product model, (2) version control, (3)
access control, (4) change notification, (5) user-friendliness, (6) web-based access,
(7) integration to other software systems, (8) possibility of informal rule
expressions, (9) hyperlinks to internal and external files, (10) flexibility, (11)
configuration system integration, (12) the use of English as language, and (13) an
inexpensive solution. Furthermore, Hvam et al. (2005) present a high-level
description of a possible architecture for a documentation system.
Although Hvam and Malis (2001) and Hvam et al., (2005) mention which
modelling techniques should be included in a configurator documentation system,
this research does not in a detailed manner deal with topics like user interface
design, detailed definitions of the included modelling techniques, and how to
handle interrelated models (i.e. separate models that share elements). Thus, an
important part of the basis for developing a documentation system was still
missing. To address the need for adequately flexible and software-prepared
notation formalisms of PVMs, class diagrams and CRC-cards in order to include
these in a documentation system, Haug and Hvam (2007c) present such
definitions. Another step towards the creation of a documentation system was
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taken by Haug and Hvam (2009), who present a revised definition of the CRC-
card layout, which takes into account future software-supported elaboration of the
CRC-cards. This revised layout includes several new fields, e.g. for documenting
additional relationship types and for organising information about attributes,
constraints, and methods. Also, an extension of the CRC-card layout for inclusion
of fields for managing change requests and versions is defined.
Based on the definitions by Haug and Hvam (2007c;2009) (produced in 2006),
the first prototype to support the modelling techniques of the CPM-procedure in
an integrated manner was created in 2006 (Haug et al., 2007). The main purpose
of this prototype was to test the definitions of Haug and Hvam (2007c;2009). The
tests included: (1) typing data from an ongoing configuration project into the
prototype to investigate possible limitations of the modelling environment of the
prototype, and (2) presenting the prototype for two companies, in order to
compare the prototype with their current documentation software and to get other
kinds of feedbacks. The tests to some extent confirmed that the defined design
specifications were consistent and provided a solid basis for the creation of a
configuration documentation system. However, because of the focus being on
evaluating only certain aspects of the definitions and because of time-constraints,
the prototype was not developed into a state in which it was applicable in practice.
The most important limitations of the prototype are: it is too inflexible concerning
the PVM and class diagram modelling; it does not support the generic CRC-card
principle defined by Haug and Hvam (2009); it is not adequately stable or
complete to be suitable for use in practice; and it includes almost no administrative
functionality.
During 2007 additional specifications for a configurator documentation system
were made by Haug and Lisbjerg (Haug et al., 2008). During this period,
prototypes were continuously created and the existing design specifications were
further developed. Based on the design specifications and the prototypes made, in
the end a full-scale system was created. This software is named Product Model
Manager (PMM) and the first version of this software was released in December
2007 by Incore Systems. PMM does not include a class diagram environment. This
is based on the argument that the defined extensions of the PVMs notation imply
that the combined advantages of both diagram types to some extent can be
achieved. Thus, there is no need for supporting both diagram types (Haug et al.,
2008). Besides the PVM view, PMM includes a Class Information Card view (an
advanced form of CRC-cards) and a Product Model Explorer view. The Product
Model Explorer view provides a simple overview of the elements included in a
model and can be used for navigation between Class Information Cards and within
a PVM model. Figure 5 shows the PVM and the Product Model Explorer views.
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Figure 5. The PVM and Product Model Explorer environment (Haug et al., 2008).
Haug et al. (2008) compare PMM to the best existing alternatives for the creation
of PVM and CRC-card models, i.e. MS Visio, MS Word and Lotus Notes. In the
comparison between the use of PMM and MS Visio together with MS Word, 18
examples of PMM related advantages are mentioned. On the other hand, Haug et
al. (2008) argue that the use of PMM for the creation of product information
models holds no real drawbacks compared to the use of MS office tools. Haug et
al. (2008) also compare PMM to the use of Lotus Notes for documentation of
configurators and mention 18 examples of advantages that PMM holds in this
context. Finally, Haug et al. (2008) argue that in a proper setup PMM does not
have any real functional drawbacks compared to the use of Lotus Notes.
Haug et al. (2009) position PMM in relation to PDM (Product Data
Management) systems and present a minor study of the use of PMM at a Danish
Engineer-To-Order company. The persons interviewed in the case study answered
that compared to using MS Visio and MS Word (which were used at the specific
department before), the use of PMM reduce at least 50 percent of the time used on
the drawing work when creating PVM models. The interviewed persons also were
of the opinion that the modelling environments of standard configurator shells do
not provide adequate user-friendly views of the knowledge base for product
experts to understand what is implemented. Furthermore, the persons interviewed
were not familiar with any PDM systems that provide the modelling features that
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PMM does, and thus in many cases would offer inadequate support for the
creation of generic product information models. Haug et al. (2009) conclude that
although PMM bears some resemblance with PDM systems, PMM excludes some
common PDM system features and has special features of its own, for which
reason PMM may rather represents a new type of software. A main difference is
that PDM systems focus on the management of data in static product structures,
while PMM focuses on the modelling of generic product information, which often
is found in contexts of engineered products.
3 Methodology
Two steps were carried out to investigate the two questions on which this paper
focuses, i.e. how a new software module for integration of conceptual models and
configurators can change the ways in which configurators are developed and
maintained, and how well this software module works in practice.
The first step includes analysing the new software module for synchronization
of models made in the conceptual modelling tool, PMM, and configurator
software. From this point in the paper this new software module is referred to as
the PMM-CSM (Product Model Manager - Configurator Synchronization
Module). Based on the clarification of the functionality of the PMM-CSM, the
paper deduces which new approaches for the development and maintenance of
product configurators that the PMM-CSM enables. Finally, the defined new
approaches are compared with traditional ways of carrying out configuration
projects, and the possible benefits and drawbacks of the new approaches are
analysed.
The second step focuses on investigating the use of the PMM-CSM in practice,
in order to clarify the usefulness of it. This includes a study at a Danish company
where PMM-CSM was applied. More specifically the study focused on: (1)
clarifying the usefulness of PMM; (2) analysing the experience with the use of the
new software module for transfers from configurators to PMM; and (3) analysing
the experience with exporting models from PMM to configurators. Another use
pattern was also to have been investigated, namely simultaneous update of models
in PMM and a configurator. However, this approach had not been applied at this
company at the time of the study, for which reason it is not included. The study of
the use of PMM and the PMM-CSM was carried out as action research (Susman
and Evered, 1978; Argyris et al., 1985), in the sense that the first author was the
knowledge engineer in these projects. More specifically this included the task of
assisting the acquisition of information from product experts, representing
information in PMM, and making product experts evaluate the models created.
Since action research implies two roles for the researcher, namely as a participant
in the change process and as an observer that reports from the study, action
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research, is somewhat in contrast to the positivist science tradition where
researchers attempt to disengage themselves from their study subjects. Thus, in
some parts of academia, action research has been criticised for being unscientific.
On the other hand, since the areas typically investigated by using action research
are often blurred (complex social systems), the intimacy of action research may be
seen as a means of promoting appropriate change and understanding of practice
(Waterman et al., 2001). The aim of this paper is to create reproducible results and
knowledge without strict contextual limitations. Thus, in order to minimise the
possible influence of bias and subjective evaluations, the case study was carried out
under a set of research rules: (1) notes were taken by the researcher during the
case; (2) experts from the company were interviewed in order to evaluate the
description of the case; (3) all evaluations of resource/time savings were to be
made by other persons than the researcher; and (4) the conclusions made based on
the case studied focus on aspects with little relation to the way in which the study
was carried out, i.e. a focus on which tasks that the technology could automate,
rather than on how useful the technology is perceived to be.
4 A new approach for the development and
maintenance of configurators
This section describes a new software module for synchronization of PMM models
and configurators, and analyses which possibilities this new module provides in the
context of developing and maintaining configurators.
4.1 The PMM-configurator synchronisation module (PMM-CSM)
As described in section 2, some good results had been achieved with the use of
PMM for the creation of conceptual models of what to implement in a
configurator and as documentation of what had been implemented. However, the
ambition of automating the transfer of information from conceptual product
models to the knowledge base of a configurator (Hvam and Malis, 2001; Hvam et
al., 2005) had still not been fulfilled. To achieve this goal, an integration module
for two particular types of configurator software shells was developed during
2008. The basic idea of this PMM-CSM is automation of transfers from
conceptual models to knowledge bases of configurator software and the other way
around.
The PMM-CSM supports five use patterns, as shown in Figure 6. Use patterns
3, 4 and 5 presume that a PMM model and a configurator model were previously
synchronised, i.e. that the PMM model was created by exporting a configurator
model or vice versa (use pattern 1 or 2).
5th World Conference on Mass Customization & Personalization MCPC2009 13
Figure 6. Use patterns supported by the PMM configurator integration module.
Figure 7 illustrates the principle of use patterns 1 and 3. The basic idea of this type
of approach is that the product experts themselves (or assisted by a knowledge
engineer) coordinate and formalise their product information into conceptual
models. These conceptual models are then automatically transferred to the
configurator software, in principle ready for compilation (possibly with some
modifications made by a software expert).
Figure 7. A new approach for configurator development.
Figure 8 shows use patterns 2 and 4. These use patterns are aimed at the
documentation of already built configurator knowledge bases, which are translated
into a language understood by common product experts.
Product
configurator
Creation/modification of
configurator knowledge base
Auto-update of
PMM model
Product Model
Manager PE
PE
PE
Information about current
configurator knowledge base
SE
Figure 8. A new approach for configurator documentation.
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Use pattern 5 can be perceived as a simultaneously execution of the processes
described in Figure 7 and Figure 8. More specifically, this means that product
experts can make changes of models in PMM, while software experts can make
changes of the configurator, after which the changes of the PMM models are
transferred to the configurator and the changes to the configurator knowledge base
are transferred to the PMM model. If there is a conflict between two models
during synchronisation, relevant persons can decide which model definition to
respect.
4.2 Impacts on configurator development
To identify the possible benefits of the five use patterns defined in Figure 6, first a
definition of the existing way of carrying out relevant tasks is required. To begin
with, when developing product configurators, several basic processes need to be
carried out by the ones given the responsibility of developing the configurator, i.e.
knowledge engineers and/or software experts:
• Locating, retrieving and coordinating relevant product information
• Making conceptual models of product information (for overview and
evaluation by product experts)
• Structuring product information according to the chosen configurator
software
• Implementing information into the configurator software
• Facilitating tests of the configurator
For the first process, the difficulty of locating, retrieving and coordinating product
information varies from project to project. What can make such tasks challenging
is if the relevant information is spread across multiple product experts, information
is poorly structured, some information does not exist in explicit form, or some
product experts do not agree on what to include in the configurator. Process 2, the
creation of conceptual models, is a phase which is sometimes skipped, and instead
the information of product experts is implemented directly. The trade-off in this
context is that while obviously it can be faster to skip process 2, in some cases
there is a need for evaluation from product experts of what has been implemented.
If it becomes troublesome to communicate with product experts because of the
lack of external documentation, the resources needed for such communication can
be many times greater than the resources saved by not creating external
documentation. The last three processes require expertise in the configurator
software chosen. Process 3-4, structuring product information according to the
chosen configurator software and implementing information into the configurator
software, are often challenging and time-consuming. Often there is not an
unambiguous mapping between the information provided and the language of the
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configurator software. Besides, the information delivered may be incomplete or
self-contradicting, for which reason the persons creating the configurator have to
collect new information and ensure that agreements are made. Process 5,
facilitating tests of the configurator, implies that configurator developers ensure
that product experts test the configurator, after which the configurator developers
make the necessary modifications of the configurator.
The use of the PMM-CSM basically minimizes or even eliminates the need for
knowledge engineers and/or software experts in the last three processes, i.e.
structuring product information according to the chosen configurator software,
implementing information into the configurator software, and facilitating tests of
the configurator. But also in the first two phases the use of PMM and the PMM-
CSM may imply some benefits. Table 1 describes such possible benefits.
Knowledge engineer/software
expert task
Possible benefits from using PMM and the
PMM-CSM
Locating, retrieving and
coordinating relevant product
information
Such tasks may be put more in the hands of the
product experts themselves, rather than a
knowledge engineer who may not know the
product and the organisation as well
Making conceptual models of
product information (for overview
and evaluation by product experts)
Instead of it being knowledge engineers, who
are to represent product information, to a
greater extent this can be done by the product
experts themselves
Structuring product information
according to the chosen
configurator software
The modelling restrictions of Product Model
Manager and the mapping to the configurator
knowledge basically eliminate this task
Implementing information in
conceptual models into the
configurator software
The automatic transfer of models in Product
Model Manager to the configurator knowledge
base eliminates this task
Facilitating tests of the configurator Since product experts themselves can transfer
their models into the configurator, there may not
be a need for facilitation of tests
Table 1. Benefits from using the PMM-CSM when developing configurators.
4.3 Impacts on configurator maintenance
There are two distinct ways of handling the maintenance phase of configurator
projects, which may be combined: 1) update external models and transfer the
changes to the configurator, and 2) update the configurator and describe the
changes in the external documentation. For the first approach, i.e. defining changes
in external documentation before implementing them in the configurator, this
corresponds to the process illustrated in Figure 7, and the associated advantages
correspond to what is described in Table 1. On the other hand, if the procedure is
to make changes in the configurator and subsequently describing them in external
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documentation, another set of benefits can be achieved from the use of the PMM-
CSM (Figure 8), as described in Table 2.
Knowledge engineer/software
expert task
Possible benefits from using PMM and the
PMM-CSM
Identify the gap between existing
external documentation and the
configurator
The PMM-CSM automates this task by
comparing the PMM file to the configurator file
and displaying the differences
Translate changes in the
configurator to a language
understood by product experts
The PMM-CSM automates this task by using its
mapping between the configurator language and
PVMs/CRC-cards in PMM
Update external representations
when changes of the configurator
occur
The PMM-CSM automates this task by
translating changes of the configurator to
updates of relevant models in PMM
Table 2. Benefits from using the PMM-CSM for documentation of configurators.
As seen in Table 2, the three major tasks of making external documentation of
what is implemented in a configurator can all be automated and thus the time and
resources used for these tasks can be significantly reduced or even eliminated.
Furthermore, the chance of errors when transferring information between a
configurator and conceptual models is minimised.
5 Case study
This section describes the company in focus, their motivation for using PMM, and
two projects at this company in which the features of the PMM-CSM were used.
5.1 Case description
The use of the PMM-CSM was studied at the Danish company Novenco. Novenco
is among the world leaders in supplying HVAC+R systems. Novenco develops and
manufactures heating, ventilation, air-conditioning and refrigeration solutions for
land and marine applications, and also offers a range fire fighting products.
Founded in Denmark in 1947, Novenco is currently represented in 9 countries and
employs about 650 people. With support from the regional Danish trade
development project 'User Driven Innovation in Value Chains', in April 2008,
Novenco initiated a project of standardising parts of their product assortment and
making their product information easier to communicate internally and to external
parties, i.e. more formalised and explicit representations. The experience with the
PMM-CSM was obtained through using it in this project.
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5.2 Phase 1: Getting acquainted with PMM
In the project in focus, the first major assignment was to create an overview of the
existing solution space for air handling units for the cargo segment and to optimise
it. The main part of this project lasted from April to July 2008, with some minor
revisions to follow. The overview of the existing solution space was created in
PVM models, drawn by using MS Excel. At the beginning of July, the same
process was to be repeated for the air handling units for the land segment with the
support of another knowledge engineer. Based on arguments of being able to
create PVM models significantly faster if using PMM instead of Excel, Novenco
decided to switch to PMM.
During the first part of the project, in which Excel was used for creating PVM
models, PVM models were almost solely produced by the original knowledge
engineer in the project. However, after having acquired PMM, soon persons from
the product design and engineering departments began creating PVM models of
various product types by using PMM. Three Novenco representatives from the
software department, the engineering department and the product development
department respectively were interviewed about the transition from Excel to
PMM. According to them, compared to the use of Excel, PMM decreases the time
for drawing work needed when creating PVM models by at least 50 percent. Also,
these employees consider that the time needed for learning the proper use of
PVMs and the possibilities of making incorrect PVM models can be significantly
reduced by using PMM, because PMM ensures that models elements obey the
defined notation formalism and can only be combined in valid ways.
In the beginning, PMM was solely used as a modelling tool, implying manual
transfers of information from PMM models to configurators. However, after some
time, the IT department of Novenco began investigating the possibility of
automating these transfers. At this point of time a beta-version of the PMM-CSM
had just been completed. Novenco decided to invest in a version of this software,
customized to suit their particular configurator software and ways of using it. The
first two phases of using the PMM-CSM included: (1) import of data from existing
configurator into PMM; and (2) export of PMM models to a configurator followed
by continuous synchronisation between the PMM models and the configurator
models. These phases are described in the two subsequent sections.
5.3 Import from configurator into PMM
Novenco offers a particular type of engineered product that consists of 5
subtypes/families, which each consists of solution spaces of thousands of possible
instances. To support the sales department (ensure that only legal product designs
are sold) some years ago a configurator for these products was developed by using
a standard configurator software shell. Unfortunately, in this configurator some
important rules were missing and it had not been updated for some time, for which
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reason its outputs were questionable. This meant that sales persons often made
great efforts to avoid using this configurator. Furthermore, the standard
configurator software used for developing this configurator differed from the
software used to create the other configurators of Novenco. Thus, Novenco was
very keen on replacing their old configurator with a new and more correct
configurator, created in the same type of configurator software as used for their
other configurators. The process for carrying out this project was as follows:
• The PMM-CSM was used for importing the knowledge base of the old
configurator into PMM.
• Modelling sessions including the knowledge engineer and relevant product
experts were held around the PVM models in PMM, displayed by using a
projector. The product experts discussed the PVM models, which were
continuously refined until the necessary agreements had been made.
• The completed PVM models were handed over to the IT department.
• At the time of this process, the customisations of the PMM-CSM were
ongoing, for which reason the transfer of information into the configurator
software shell was done manually.
The alternative to the first step of the described process would have been to study
the knowledge base of the old configurator and, based on this, describe its
contents manually. By using the PMM-CSM, this task was carried out
automatically, i.e. a dramatic reduction of workload from hours or days to
minutes. However, this task was only to be carried out once, for which reason the
use of the PMM-CSM did not have a significant impact on the resources used at
Novenco in the long run. On the other hand, had this been a task to be carried out
frequently, this would have had a significant effect on the time and resources used
at Novenco. In fact, this is what Novenco is currently doing for some of their
configurators, namely using the PMM-SCM for the creation of external
documentation of what has been implemented in a configurator each time the
configurator is changed. These exports from configurators to PMM have been
conducted without problems.
5.4 Export from PMM to configurator
Novenco has a subsidiary who shares the IT department with Novenco. At this
subsidiary, possible benefits of using a configurator during the product design
phase were identified. With an expectation that the use of the PMM-CSM could
significantly reduce the amount of resources needed for the creation of a
configurator, this project was initiated. The configurator software shell in focus
was Configit v. 4.1. The aim of the project was to create a configurator that based
on relevant design choices, could produce bills of materials. These bills of
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materials are to be imported into the ERP system in order to attach prices. The
project included the creation of three PVM models (for three distinct product
families). For the first model, part of the needed product information was modelled
by the product experts themselves, using PMM. These parts were combined with
other existing documentation in a new PMM model by the knowledge engineer.
The PVM model was discussed and refined in 4 sessions of 3 to 4 hours. The final
PVM model in PMM was exported to Configit, and without any adjustments in
Configit, the model could be compiled and a web-based runtime application could
be generated. Using this runtime application, upon making approximately 50
selections, a bill of materials is generated (the number of selections varies
dependent of particular choices).
Compared to the existing approach of transferring PVM models, created in
software such as MS Visio or Excel, into a configurator, significant time savings
were achieved by the use of the PMM-CSM. The task of transferring PVM models
to a configurator knowledge base is a task that normally lasts days, weeks or
months, depending on the model complexity and how well the conceptual model is
mapped to the configurator language. However, by using the PMM-CSM in the
current project, this task was done in a few minutes. Another significant benefit of
using the PMM-CSM was identified during the modelling sessions. Often when
creating large conceptual models of what to implement in a configurator, it can be
difficult to predict exactly how such models would behave once they are
implemented. However, the PMM-CSM allowed instant transfer to the
configurator software so that these could be compiled and then tested in runtime
during the modelling sessions. This procedure was frequently applied, which in
many cases led to the discovery of incorrect or missing rules, for which reason the
PVM models were altered. Thus, a later test phase including much communication
concerning model adjustments between the product experts and the IT department
seems to have been avoided.
Figure 9 shows a small part of the PVM model from the project and Figure 10
shows a screenshot from the web-based runtime model, which was automatically
generated.
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Figure 9. Part of the PVM model in PMM.
Figure 10. Part of the runtime interface.
Although the automatically generated runtime application can perform the basic
functionality needed, some additional developments were in progress at the time of
the study. More specifically, the generated web-pages had to be modified to
improve the layout, and a script that generates a text file for import into the ERP
system had to be made. Such developments are traditional programming tasks,
which must be handled outside the PMM and Configit software.
6 Conclusions
This paper described the emergence of a software module (referred to as the
PMM-CSM) that connects the conceptual modelling tool, PMM, to standard
configurator software shells (at the moment two software types). The paper
deduced how software as the PMM-CSM can impact the ways in which
configurators are developed and maintained. More specifically, five new use
patterns, made possible by the PMM-CSM, were described. The paper deduced
the possible effects from applying these use patterns compared to exiting ways of
developing and maintaining configurators. During the development phase, the
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most remarkable benefit of using the PMM-CSM is that it enables conceptual
models created in PMM to be automatically transferred to configurator software,
after which these in principle can be compiled and launched instantly. In the
maintenance phase of configurator projects, the PMM-CSM can automate the
tasks of identifying gaps between external documentation and the configurator
knowledge base and translate the changes made in the configurator software to
PVM and CRC-card models in PMM.
Having defined the potential benefits of using the PMM-CSM, a study of its use
at Novenco was carried out. In this case, the PMM-CSM was used for converting
multiple models created in two types of configurator software into PVM models in
PMM. These conversions were done in a matter of minutes, which should be seen
in relation to the fact that such tasks normally lasts hours or days when done
manually. Furthermore, the case showed that a relatively complex PVM model
created in PMM could be translated automatically into a configurator knowledge
base, in which it could be compiled and a web interface generated. Thus, it has
been shown that a PMM based PVM model can be converted automatically into a
software configurator, which in principle is ready for use. This can be done in a
few minutes, compared to being something that normally lasts weeks or months.
Another, key lesson was that the PMM-CSM enabled instant creation of
configurable software prototypes during the modelling sessions. These
configurable software prototypes seemed to give the product experts a much
better understanding of the task at hand, for which reason this may have reduced
the time used on the modelling sessions and implied that many misunderstandings
were avoided.
In summation, this paper has described a new software module for automatic
synchronization of information in conceptual models and configurator software
shells. Based on the successful application in two projects, the technology seems
to hold great promises to ease tasks of developing and maintain configurators,
although more studies are obviously needed for more solid confirmation.
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Abstract. This paper investigates an idea of a game-like toolkit with which the customer
(or the designer) is able to design their favourite composition or combination of a series
of pre-defined/pre-designed modular components. The novelty of this idea lies where the
modularity in its modern industrial concept in general and with special reference to its
established interpretation in construction industry will be scrutinised. This will be done by
considering some obligations in form of building codes which must be met when an
architectural envelope is being developed as well as a series of preferences which
strikes a balance between the cost and the choice so long as the necessary
requirements are not compromised. However, despite many other manufacture
industries, the construction industry is bound to many physical and functional
restrictions. It will be argued that these restrictions can be minimised, should the toolkit
be devised appropriately for the application in the construction industry both in the
mathematical and geometrical sense.
Keywords. Mass-matching, Mass-customisation, Building industry, Linear programming
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Introduction
Mass-customisation as a design specific tool can potentially offer a big opportunity
to both the designer and the customer.  Customisation may come into equation as
a tool by which a ‘give and take’ mechanism can be established through a mutual
concession or reconciliation between all the involving parties. As a mass-matching
strategy, customisation can offer even more. A mass-matching strategy will
provide a platform by which a wide variety of choices can be offered to the most
colourful set of tastes. However, this is not the only way in which mass-matching
comes into the play. As a matter of fact, fast configuration capabilities, offered by
mass-matching may be employed by an identical user who attempts to strike a
balance between a series of costs and benefits of the decision they make. This can
be achieved when a certain criteria or measure is at place which needs to be
precisely met whilst a series of other variables are involved which can be
manipulated and altered till the personal preferences of the user as well as the
institutional concerns and anticipations are achieved. Current research will
investigate this subject regarding design of a facade panel.
Aim and Objectives
The aim of the current paper is to show how the application of mass-customisation
as a mass-matching tool can improve the design process in construction industry.
To achieve this aim following objectives are sought after:
O1: To set the actual scene in which different factors in the design process (of a
specific part of a building) are highlighted.
O2: To devise an algorithm for the toolkit to manage such process.
O3: To show how this toolkit works and how it can potentially facilitate the
design process, adhering to the principles of mass-customisation as a platform for
mass-matching.
The Scope of Current Research
Facades are supposed to serve a series of purposes when they are designed and
built. A course of a facade involves many different tasks, aspects, dimensions and
concerns from conception to completion and further on up to demolition and
recycling (or dumping in landfills). A building’s facade can be scrutinised from
pure design (or aesthetics) point of view. In this sense it will be dealt with utilising
such concepts as theory, style, aesthetics and design (from pure
conceptual/architectural point of view).
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On the other hand it can be seen from construction perspective. Provided
constructability as the template, a facade course can be investigated in relation to
design (from a technical/detail development point of view), materials, manufacture
and/or fabrication, production, construction and/or assembly.
From the building economy point of view, how the cost and budget are
concerned is what shall be contemplated when a building envelope is worked on.
This may, in turn, involve many different stages from procurement, bidding,
contracts, material acquisition, to manufacture and fabrication, construction and
assembly as well as post-occupancy and maintenance issues.
Another slightly different angle is the technical point of view in which the
building performance and its workability and how it responds to its inhabitants’
needs, requirements and preferences are subject to ponder.
Figure 1: Building Envelope is inspired by different realms
The mere focus of the current paper is Facade’s technical performance in
conjunction with design and cost related issues (Piroozfar 2008)
The very important fact to bear in mind is that the boundaries between the
above categories are not crisp and precise. In many respects the above sets overlap
with each other and changing one may and will affect/draw some others into the
equation. In this sense isolation of each of the mentioned factors is neither
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possible, nor is it realistic. In other words an envelope cannot be investigated
utterly exclusively with regard to one of the abovementioned features.
Current paper draws upon the previous experience of a project which has been
carried out to figure out the construction issues i.e. Design, Fabrication,
Implementation (DFI) processes of a building envelope in relation with the cost
and choice i.e. the main actors in devising a platform for a customisable facade
system. Here, by contrast the focus is on (parts of) technical performance of a
facade in combination with the design (in its conceptual and architectural sense)
and the cost issues. More particularly, the current research focuses on Part L of
Building Regulations (in the UK) when a facade is being designed with special
reference to cost concerns. The two major player of customisation as a paradigm
in DFI of a facade in this research consist of: Design through which the choice is
offered and Cost by which the financial side of a production process comes into
account. The Part L of Building Regulations is the controller and modifier of the
entire equation of cost/choice. As the design changes, the costs involved change
whilst the regulations still needs to be met. Having regulation in place as a constant
for which some minimums should be met, keeps the equation sustainably in
balance.
Mass-matching: for or against Mass-customisation
Mass-matching as a general concept in some fields of science and technology such
as botanical genetics implies arbitrariness and randomness and involves “direct
computation using a statistical model of random matching”(Eriksson and Fenyö
2002). In astrophysics and high energy physics, similarly, mass-matching also
implies randomness and is a strategy “to evade constraints from
precision...measurements”(Martin and Sanz 2009). In chemistry, the role of mass-
matching is concerned in the mechanisms of energy transfer when surface and
substrate bombardment with polyatomic projectiles is studied (Harper and
Krantzman 2004). The common ground between all above fields is that mass-
matching somewhat entails randomness as it deals with a great number of role-
players or a great number of possible combinations of which the best can be
chosen using a fast (and usually heavily computer-assisted) comparative (or trial
and error) method.
By contrast, it is expected to be utilised in a more responsive mode when it
comes to the manufacture or service industry as it cannot imply such huge
arbitrariness when a production or service process is targeted. This is apparently
because otherwise it will defeat one of the main purposes of mass-customisation,
namely the cost control as it was initially intended by mass-production. This might
not seem too crucial in service industry where the actual product will not be
offered in their final finished forms unless they are fully satisfying the customer. In
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manufacture industry and more specifically in building industry, especially in the
occurrence of economic downturns, the trade-off between the cost and choice
becomes even more crucial to the extent that neglecting the actual economic
climate may easily compromise the existence of customisation ontologically. Hence
mass-matching as a strategy used by mass-customisation can only productively
come into the equation, only if it takes into account the context in which it is going
to be born. In this sense, as far as the scientific and technological infrastructures
are concerned, a similar paradigm to what delayed the genesis of mass-
customisation (Piroozfar 2008), will have occurred, should this necessity not be
comprehended and responded to appropriately.
The Problem Case
Pre-requisites
If a designer (or any other general client) is to design (or customise) an
architectural envelope1, they need to take into account different considerations.
For customisation needs a platform to be developed based upon, and for MMC
(Modern Methods of Construction) can potentially provide such a platform, it is
deemed as one of the pre-requisites for mass-customisation to be achieved in the
building industry. The current paper is a part of a series of research which draw
upon this requirement for achieving mass-customisation in building industry. One
of the characteristics of MMC is off-site production. Off-site production has its
own restrictions on size, weight and transportation therefore, it necessitates a
particular framework for the building components to be built based upon. Provided
that the current paper focuses on the course of envelope, panelised facade systems
are the area of focus of this paper. In other words, to be reasonably able to apply
customisation, and to have the compartments manufactured, transported and
assembled, they need to be downsized to specific dimensions. This should be kept
in mind that this does not imply prefabrication and all downfalls attributed to it, but
1 For further reading on the similarities and differences between manufacture and building industries and
how the areas mass-customisation targets differs between the two please refer to:
Piroozfar, A. E. (2008). Mass-Customisation: The Application on Design, Fabrication and Implementation
(DFI) Processes of Building Envelopes. School of Architecture. Sheffield, University of Sheffield.
PhD.
and also see:
Piroozfar, A. E. (2005). Mass-Customisation: applicability and complications in the building industry. 3rd
Interdisciplinary World Congress on Mass Customization and Personalization MCPC2005. F. T.
Piller and M. Tseng, Hong Kong University of Science and Technology. Hong Kong, China.
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an off-site method which facilitates the design, production, and assembly of a
customised facade system.
Design Specific Requirements
In design, there are a number of different factors which need to be taken into
account. From a designers point of view the most important factor when they
design is how their design looks like. In other words, the appearance or the
aesthetics of their design is what they have as the most important item on the
agenda, even if, to some extents, it is there unknowingly or subconsciously. The
psychology of design and how it works is not the aim of the current paper. What is
intended to be addressed in here is how the requirements may be utilised for
striking a balance between cost and variation. This will use a quasi-game toolkit
which may develop to what can facilitate contribution of personal preferences in
further research.
As far as the design is concerned, a building should meet some requirements set
by building codes and regulations. With environmental issues in the focal point of
almost all activities nowadays, building industry is no exception. On the forefront
of environmental issues is the energy consumption hence carbon emission (which
allegedly contributes to global warming by greenhouse effect):
The energy used in construction alone is approximately 20% of annual energy consumption
(Tucker 1994).
The total energy consumed in building operation, construction and services in the UK is
66% of annual energy consumption (Vale and Vale 1994)
Heating, lighting and ventilating buildings (which are, to different degrees,
determined by the building envelope) are the source of 46% of UK CO2 emission,
whilst the building construction contributes to 5% of that emission (Edwards
2005). Sustainable Construction Task Force attributes 45% of UK carbon
emission to “Domestic” (26%), “Commercial and Public Sector” (15%), and
“Industrial Buildings” (4%) (Sustainable Construction Task Group 2003).
To meet the goals of energy efficiency in a building in its operational period,
there are a number of compulsory, mandatory or voluntary codes and regulations
to comply with. Along with the more recent “Code for Sustainable Homes”, there
exists more established Part L [for new and existing dwellings (L1A/B) and for
new and existing buildings other than dwelling (L2A/B)].
U-values: Calculation and Thresholds
Part L introduces U-value as a factor which needs to be met when a new building
is being built or a building is to be refurbished.
Part L summarises the U-values as follows (ODPM 2006):
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33 U-values shall be calculated using the methods and conventions set out in BR443,
‘Conventions for U-value calculations’(Anderson 2006)...
35 Table 2 sets out the reasonable limits for plane element U-values for each of the elements
of building fabric:
Column (a) gives the reasonable limits for area-weighted average U-values for the elements of
the stated type.
The area-weighed U-value is given by the following expression:
[(U1 x A1) + (U2 x A2) + (U3 x A3) +...)] : (A1 + A2 + A3 +...)
This is to make the design robust for the future changes in heating system type, e.g. if a
dwelling has a large renewable energy system, it would not be appropriate to allow this to
completely compensate for a poor envelope.
Column (b) gives the reasonable limits for U-values for individual elements of the stated type.
To minimise condensation risk in localised parts of the envelop. An individual element is
defined as those areas of the given element type that have the same construction details. In
the case of windows, doors and rooflights, the assessment should be based on the whole unit
(i.e. it the case of a window, the combined performance of the glazing and the frame).
Table 2 Limiting U-value standards (W/m2.K)
Element a.Area-weighted
average U-value
b. Limiting U-
value
Wall 0.35 0.70
Floor 0.25 0.70
Roof 0.25 0.35
Windows, roof windows,
rooflights and doors1
2.2 3.3
Notes: See paragraph 34.
As seen, the U-values for “walls”, and “windows, roof windows, rooflights and
doors” should not be more than 0.35 and 2.2 respectively.
Case Problem
It is supposed that a series of panelised facades is about to be designed, produced
and assembled in a building. For simplicity of this problem case, specific
dimensions of such a panel are supposed to be A m2. If such a panel is to be
designed, in addition to design specific issues, the cost optimisation is one of the
goals on the agenda. In the meantime, each and every facade (and/or its panelised
compartments) needs to meet certain building codes and regulations. As explained,
the most crucial parts of the British Building Regulations to be met for facades is
Part L. Starting with the step by step design, as it is intended by customisation and
subsequently a customisable facade system, each step of design (which is actually
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selecting or configuring a facade compartment from a library of (semi) predefined,
(semi) predesigned compartments), will affect both cost and the technical
performance of the facade regarding energy conservation.
Supposing that designer starts with inputting the base material for the panel and
then selecting the type and location for an opening (i.e. a door or a window), the
base material will have a basic technical and costs implications involved, with the
opening having some direct bearings on the facade panel as well as some indirect
implications. The direct effect of such selection (in terms of location and type) is
what that opening adds to the final cost of the panel. For the indirect implications
of such selection on the cost, the regulations need to be checked to have been met.
The cost will be the implication of the selected system and can be computed as
per specification of the MMC chosen for the envelope system. By that stage there
will be a cost implication as a result of the first choice of the opening which will
add up to the basic costs involved as a result of selection of the base material for
the façade.
The façade, when the basic material is chosen (before adding any opening), will
have a thermal resistance (R-value). For U-value is determined by R-value
(U=1/R), the selected finish for the panel needs to be endorsed by a specific
detailing to be able to meet the minimum requirements for U-value as set in Part L.
The associated details, which incorporate the type and thickness of insulation
needed, have been all provided in the support document (for building codes) in a
generic form, or by those companies who provide different facade materials in a
more practical way. When the opening is added, the U-value needs re-calculation
due to change of the course of material used in the envelope. Whether or not the
facade panel meets the L1 requirements depends on the size of the opening. As the
openings have standard detail specifications suggested by building codes and
complied with by norms and standards in practice and industry, there would be a
limit to the size (and location) of the opening if the panel is to meet the
requirements. This threshold can be easily calculated using a simple equation. The
fact of the matter is though, that this threshold is not that rigid and can be
circumvented only if, by changing the detail specification of the opening and/or the
rest of the panel, the U-value of the whole panel sits below the maximum set by
Part L.
If the size of the opening is in the range so that the requirements are met, the
next stage of customisation can be conducted in form of choosing the next
additional facade compartment in form of a different material, another opening, or
some secondary additional compartments such as brise-soleils, balconies,
sunshades, porticos, etc. and the checking process will initiate again both to check
the price and the minimum requirements for the regulations to have been met.
If the size of the opening is out of the range then the regulation requirements
will not be met. As discussed above there is still a good chance that with higher
spec detailing (which implies higher costs) the requirements can be met with
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different degrees of compromise on the design. In order to make this strategy
work, there are different courses of action which might be taken. The first action
which can be suggested is:
i. To compromise on the design by changing the size (and location) of the
opening.
This might be the cheapest and easiest way to fulfil the requirements. If this
suggestion is declined, then the more expensive options might be offered as:
ii. Changing the detail specification of the main course of the facade panel
(mainly including insulation type and thickness) to increase the
respective U-value which contributes to the overall U-value of the
facade panel
iii.  Changing the detail specification of the opening itself and using a higher
spec detailed window pane or door unit to improve the opening’s sole
U-value whereby increasing the overall U-value of the panel
Any of the above three has their own implication on costs; ranging from costs
incorporated in the design revisions only to, in addition to that, the costs involved
in improving U-value by changing the detail specifications. Each of these actions
can be computed and presented to the designer/customer to make their final
decisions.
This process to be implemented, needs to utilise a specific tool which is
invigorated with the principles of ‘Linear Programming’.
Linear Programming
Optimization (maximization or minimization) of a linear function2, satisfying a set
of linear equality and/or inequality restrictions is called linear programming (LP)
method (Bazaraa, Jarvis & Sherali  c1990).
A manufacturing company, with predetermined production schedule is a good
example of usage of this method. Although satisfaction of the production plan is
one of the most important aims of the mentioned company, profit
maximization/cost minimization is another factor which should be reached to keep
the business going. So managing the combination of accessible primary resources
in a way that it could overcome these two targets should stand first. Therefore, it
is completely clear that the problem consists of two parts:
1. Restrictions: Production plan and available sources
2. Objectives: profit maximization/cost minimization
2 Linear function is a function by the below general format:
y mx b= +
Where x as an input variable of the function is raised to the power of one and not higher.
Piroozfar, Popovic Larsen and Piroozfar   Mass-matching: A quasi-game toolkit
Submitted to 5th World Conference on Mass Customization & Personalization MCPC2009 10
An optimal solution is the one which can satisfy all above conditions, which is
achieved by solving a LP problem, sketched based on the mentioned conditions
and restrictions.
On the other hand LP can be defined as an ‘efficient use or allocation of limited
resources to meet desired objectives’ (Gass c1985).
Modelling LP problems should be done taking the following steps:
1. Formulating the problem: this includes the interpretation of the system and
set of data related to it, set of constraints/restrictions and the objective
function.
2. Mathematical modelling of the problem: which simulates the problem case
abstractly giving possible solutions
3. Deriving the solution: the best (most optimised) solution as per the
conditions, preferences and discretions can be derived to best fit the
purpose of case problem
4. Testing the solution: by comparing the predictive and expected solution of
the previous results
5. Executing the model (model application): which will be actual usage of the
model in making decision
Introducing LP problems in details
Considering the following as general form (canonical form) of a LP problem:
Minimize 1 1 2 2 ... n nc x c x c x+ + +
Subject to:
11 1 12 2 1 1
21 1 22 2 2 2
1 1 2 2
...
...
.
.
.
...
n n
n n
m m mn n m
a x a x a x b
a x a x a x b
a x a x a x b
+ + + ³
+ + + ³
+ + + ³
And:
1 2, ,..., 0nx x x ³
The above formula contains:
Objective function: 1 1 2 2 ... n nc x c x c x+ + + ,
Cost coefficients: 1 2, ,..., nc c c ,
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Decision variables: 1 2, ,..., nx x x or    (
1
2
.
.
.
n
x
x
X
x
é ù
ê ú
ê ú
ê ú
= ê ú
ê ú
ê ú
ê ú
ê úë û
),
thi Constraint:
1
n
ij j i
j
a x b
=
³å ,
Technological coefficients: ija for 1, 2,...,i m=  , 1, 2,...,j n= ,
Constraints Matrix:
11 12 1
21 22 2
1 2
. . .
. . .
. . . . . .
. . . . . .
. . . . . .
. . .
n
n
m m mn
a a a
a a a
A
a a a
é ù
ê ú
ê ú
ê ú
= ê ú
ê ú
ê ú
ê ú
ê úë û
,
Right-hand-side vector:
1
2
.
.
.
m
b
b
b
b
é ù
ê ú
ê ú
ê ú
= ê ú
ê ú
ê ú
ê ú
ê úë û
,
Nonnegativty constraints: 1 2, ,..., 0nx x x ³ ,
Feasible point: Set of variables 1 2, ,..., nx x x none of them contradicts any of the
constraints,
Feasible region: Set of all feasible points.
Using matrix notation the following LP program can be concluded:
Minimize
1
n
j j
j
c x
=
å
Subject to:
1
n
ij j i
j
a x b
=
=å 1, 2,...,i m=
0jx ³ 1, 2,...,j n=
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As below:
Minimize CX
Subject to:
0
AX b
X
=
³
The Structure and the Rationale of the Tool
As this paper is supposed to be an introduction to this concept, it will only set out
the rationale and the structure of the tool.
The tool has been attempted to be modular and customisable itself. Modularity
gives it independence yet capability of accommodating other applications freely
later on wherever required. In this sense, it will be open-ended by devising some
outlets and/or interfaces for other applets to be added on to it. Customisability
gives the tool, the flexibility of being used according to the specific needs,
preferences and requirements, in different contexts and by different categories of
the users. In this sense it will be expandable at some different levels.
The following diagram shows the structure of the tool and how its rationale
works:
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Input:
• Size,
• Base Material,
• Envelope System
• Façade Materials
Choose the
opening
(type & location)
L1
requirements
are met
Yes
U
Designer/
Customer
choice based
on discretion
D
i) Change the physical specs
of the selected opening or
other compartment
ii) Change the detail spec
of the rest of the panel
N
o
iii) Change the detail spec
of the selected opening or
other compartment
D: Attribute predefined or
designed details
U: Numerical or Simplified U-
value calculations
O: Optimisation (Using LP)
Continue
design
Choose the next
façade
compartment
(type & location)
Yes
L1
requirements
are met
O
i/ii/iii
N
o
N
o
Yes
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Development of the Tool Using Linear Programming
Based on the above flowchart there would be a need for an optimisation tool. This
tool uses linear programming to make sure that the final cost of the façade panel is
optimised while the technical requirements are met. This will definitely happen
while the design is followed step by step. The more the design gets fixed, the less
there would be a chance for optimising the cost. However, if this tool is devised
properly, it can be assured that even while the designer proceed with their design,
the toolkit still provide them with advisory note on how to regulate the costs and
avoid those avoidable ones based on an individual decision to the extent that the
design is not compromised as per the designer’s point of view.
If we think of the objective function 1 1 2 2 3 3 4 4c A c A c A c A+ + + as a cost
minimization function, then the case study can be modelled as below:
Minimize 1 1 2 2 3 3 4 4c A c A c A c A+ + +
Subject to:
1 1 2 2 3 3 4 4U A U A U A U A UA+ + + £
And:
1 2 3 4A A A A A+ + + £
Where:
10 A A£ £
20 A A£ £
30 A A£ £
40 A A£ £
Here ic , iA , iU  are respectively the price, area and U-value of each different
compartment of a panel (it was supposed that in this problem case the panel has
four compartments), also A and U are the area and U-value of the whole panel
respectively and are constant.
So simulating steps i, ii, and iii in the case problem can be approached through
one of the following strategies:
i) 1A ¢   : customer’s first choice of one of the opening areas
1A ¢¢   : customer’s second choice of the above opening area after
compromising
(where 1A ¢  does not and 1A ¢¢ , after being changed, do satisfy the below condition:
(U1 x A1) + (U2 x A2) + (U3 x A3) +...)] : (A1 + A2 + A3 +...) ? U
As a result the variable c1A1 turns to a constant, thus the original model changes
into:
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Minimize 2 2 3 3 4 4c A c A c A+ +
Subject to:
2 2 3 3 4 4 1 1U A U A U A UA U A ¢¢+ + £ -
2 3 4 1A A A A A ¢¢+ + £ -
20 A A£ £
30 A A£ £
40 A A£ £
where 1A ¢¢  is constant.
So the minimized cost will be reached by:
1 1 2 2 3 3 4 4c A c A c A c A¢¢ + + +
ii) Minimize 2 2 3 3 4 4c A c A c A¢ ¢ ¢+ +
      Subject to:
2 2 3 3 4 4 1 1U A U A U A UA U A¢ ¢ ¢ ¢+ + £ -
2 3 4 1A A A A A ¢+ + £ -
20 A A£ £
30 A A£ £
40 A A£ £
where iU ¢ and ic ¢  are the changed U-values and changed costs of the panel
compartments as they are enhanced to cover up for the loss of overall U-value
caused by the excessive size of the opening. This will be except for the first
opening and so 1A ¢  is constant.
So the minimized cost will be achieved by:
1 1 2 2 3 3 4 4c A c A c A c A¢ ¢ ¢ ¢+ + +
iii) Minimize 2 2 3 3 4 4c A c A c A+ +
            Subject to:
2 2 3 3 4 4 1 1U A U A U A UA U A¢ ¢+ + £ -
2 3 4 1A A A A A ¢+ + £ -
20 A A£ £
30 A A£ £
40 A A£ £
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where U1?  is the U-value of the opening with the same area but improved details
spec (therefore U1? is bound to be bigger than the original U1 ) to reconcile the
shortage of the over U-value of the panel. The rest of the panel remains unchanged
subject to this improvement being able to satisfy the L1 requirements on its own.
So the minimized cost will be received by:
1 1 2 2 3 3 4 4c A c A c A c A¢ ¢ + + +
(c1? is the cost of the opening with same size and improved details spec)
Conclusion
Mass-matching as a customisation strategy acts as a double-edged sword and can
be both beneficial and harmful. This characteristic becomes more crucial especially
in case of economic downturn. The strategy can be utilised to eliminate waste,
reduce design procedure, and save time and budget on mocking processes. As a
strategy of customization, it has been used in the current research to help form a
toolkit which can offer optimising the costs of building a building façade panel
(using MMCs) while the technical requirements of those panels are met.
LP was used as the main concept to form this quasi-game toolkit which
provides the designer (customer) with different level/type of advice to help them
optimise their design. The toolkit has been designed modular and open-ended;
modular meaning that different external applets can be used in conjunction with it
to help it work and open-ended meaning that it can be configured and optimised
itself to be capable of being used in different contexts and with different sets of
input variables and personal preferences. It is not however, supposed to limit the
designer’s choice and leaves the final decision to the discretion of the designer. It
only serves as a design/manufacture facilitating toolkit.
As described before, as a stage of LP, practical application of this toolkit needs
to get tested by application in an actual context. The initial agreements for this
stage have been made for this industry collaborative project and it is hoped that
this will lead to further stages of the current research.
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The life quality improvement issue is a problem of general and international interest. This
acquires total different values when it is to refer to a series of disadvantaged categories that
is (i.e.) the persons with locomotor disabilities.
To improve the life quality of the persons with locomotor disabilities it is necessary to
approach an inter/transdisciplinary integrative concept of design (design for all), which should
conduct to the development of advanced materials and of highly functional textile products
and personalized garments, oriented to the necessities of this disadvantaged category of
people.
At the European Union level there is a strategy regarding the persons with disabilities -
The EU Disability Strategy - which focuses on 3 major directions (according to the
Directorate General Employment, Social Affairs and Equal Opportunities, Unit Integration of
People with Disabilities (Inmaculada.placencia - porrero@ec.europa.eu):
· cooperation between the commission and the member states;
· the total participation of the persons with disabilities;
· the focus on the problems and the necessities of the persons with disabilities, not
only in the expression of the politics and strategies.
The European Commission presented an official document about the Situation of
Disabled People in The European Union: The European Action Plan 2008 – 2009. The
analysis of the most recent data demonstrates that people with disabilities are still excluded
from the work market at a high rate, and the situation of the women confronted with this
problem is even more serious. The current situation has imposed that persons with
disabilities should became a priority key group at the European Union level, with major
implications at an economical level and in the perspective of the equal opportunities. If there
are currently approximately more than 500 millions of persons with disabilities all over the
world, it is estimated that in 2026 a percentage of approximately 7% from the entire
population will present different forms and degrees and stages of disability.
The majority of the aspects, addressed, assessed, and developed up to now, concerning
the persons with disabilities, were mainly centred on statistical data, accessibility and social
inclusion, integration in the labour market, social protection, politics, solutions and
instruments for fight against discrimination, rights and equal opportunities, corresponding
laws/legislation, measures/regulations, initiatives, strategies.
The entire framework and presented data led, among other things too, to an accentuated
development of different categories of products necessary to these categories of
disadvantaged persons. The economical relevance of the market of products for persons
with disabilities is considerably growing, becoming an instrument and a generator of
innovation, especially in the USA and Japan (with significant areas, such as ICT).
Disabled people, themselves, stated their major problems as:
o utilization of opportunities provided by the state (health, education,
employment)
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o participation to social life
o accessibility
o insensitivity of community
o lack of knowledge related to their disability
and... why not
o fashionable and personalized garments.
It is an inevitable social responsibility to create equal opportunities for disabled people, to
prevent any intentional or unintentional discrimination that they face and apply positive
discrimination if necessary to improve their living standards and to let them have an equal
share from social development as productive individuals of society.
There is not the same preoccupation as it is in what fashion and garments are
concerned, which are absolutely necessary to persons with disabilities.
Disabilities determine specific functions of the garments people wear and of other textile
products. For example, for persons with a very sensitive skin there has to be taken into
consideration the contact between the skin and the garments and/or the tactile/contact
properties of the textile products. Persons who spend a long time in wheel-chairs or beds,
with a low rate of body heat generation, need products with certain thermophysiologic
properties in order to assure their comfort. The perspiration/humidity transfer from the skin
surface is another frequent issue, which has to be taken into consideration and solved in the
case of persons with disabilities. The fabrics durability in specific garment areas could
generate problems quite often.
In order to respond to the specific needs of the persons with disabilities and to develop
personalized garments, it is necessary first to establish all the requirements involved in the
design process. These new products should meet the specific demands and functions
imposed by the needs and expectations of the persons with locomotor disabilities (for
instance), from all points of view (ergonomic, biophysical, psychic, aesthetical,
comfort/convenient point of view or from other necessities related to illness or other
associated conditions). New advanced products and innovative technologies can be
developed. These achievements can solve a part of the complex problems of these
disadvantaged persons only by personalization/individualization.
The needed performing instruments are already developed and are waiting for new
applications. The next step is to combine creativity with other necessary areas for an
integrative approach (fashion, medicine, ICT, advanced materials and technologies and so
on) and everything is in our hands and minds.
Examples of the presents developments that can contribute to the concept of “mass
customization for persons with special needs” (MCPSN) are Gerber’s AccuMark V-Stitcher®
and Browzwear®.
The main advantages in using these new developments are:
· Browzwear has developed a new and updated version of their world-famous 3D
fashion design and communication software ‘Browzwear applications version 4.5.’. The
ground-breaking 3D fashion software is particularly relevant to the current economic climate
as it is specifically designed to reduce costs for all involved in the fashion industry – right
from the design process through to supply and retail. The most notable change in the new
version of the Software is the amazing advancements in Worldwide Communication. Real-
time online communication sessions can be established to an unlimited number of
participants – anywhere in the world. The software enables to send 3D information across
the web to all members of the communication, instantly. The software also includes an
updated, innovative and robust database which speeds up the process.  This is set to take
the Fashion Industry by storm, reducing lead-times, increasing efficiency and ultimately
reducing costs. This increased communication is not limited to just text and 3D garments
either. An astonishing amount of information is now instantly transferable. The 3D garment(s)
can be displayed on changeable avatars and the environments in which these sit is instantly
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communicable. Additional 3D layers including 3D lines and 3D notes can also be revised and
transferred in real-time.  The new software allows complete and immediate visibility to
changes made, with even smaller details such as lighting, camera angle and camera position
visible to all involved in the communication. Everyone knows that the speed of supply chain
is directly linked to success in the fashion industry. The new Browzwear software has been
developed with just that in mind, allowing designers to move from concept to product almost
instantly. The increased global communication is sure to deliver significant operational
savings.  Time and money can now be saved throughout product development and garment
production.  And what’s more, the process is also environmentally beneficial, reducing travel
costs and sampling!  Browzwear’s ground-breaking new software is sure to change the
fashion industry forever.
· The V-Stitcher is addressed to the entire design process, with a performing 3D
simulation, and a giant leap into the next generation of fashion design. From totally
customizable models, to amazing garment design features, V-Stitcher offers visualized
stitching, analysis of fabric tension and fit, color and print that are endlessly adaptable at a
click, and patterns that automatically change as you reshape the garment - all with truly life-
like draping and modeling. V-Stitcher also becomes an invaluable communications and
marketing tool, distributing catalogs of latest collections while garments are still in the
making, creating attractive logos and adverts, giving a head start on the next major step in
the fashion industry. VStitcher is a key component to the Fashion Lifecycle Management
suite, Gerber's Product Lifecycle Management (PLM) offering. Key benefits to VStitcher
include significantly reducing product development costs and improving time-to-market
through the creation of virtual garment samples. V-stitcher 4.4 is a comprehensive 3D
fashion design and communication solution, designed to reduce costs and increase customer
base for the world's fashion designers, manufacturers and retailers. Key Features and Added
Functionality of VStitcher include: *Improved Communication (VStitcher software package
offer a web-based collaboration tool, facilitating better communication between participants
all over the globe). * Real-time fit approval sessions which are done online, leading to faster
acceptance, fewer mistakes and overall improved speed-to-market. Simplified Fabric Testing
VStitcher offers the Fabric Testing Kit (FTK). Developed by Browzwear, it has become the
world standard and is used by fabric mills across the globe. It eliminates the costly process of
sending swatches to testing labs in order to gather fabric testing values. * New fabrics can be
tested on-site and their values instantly uploaded to VStitcher. Alternatively, values can be
imported directly from a mill's inventory and the results are automatically converted into
usable data for 3D draping. The Functionality Version 4.3 introduces more advanced, true-to-
life simulation features such as the ability to represent fabric thickness and edge definition. It
also offers an expansive set of avatars with modifiable body parts, postures and poses, as
well as the greatest number of measurements available in the industry.  It also provides
improved design capabilities with new drawing tools, added support for color libraries and
new drag-and-drop capabilities, direct from Adobe® Illustrator® to a 3D garment.
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Abstract:
In this paper we present a mobile and desktop prototype system and application for enhancing
group awareness in knowledge work teams. The prototype gathers information from the
interactions of the group within the application and analyses it. Results are displayed to members
of the group as key indexes describing the activity of the group as a whole and the individual
members of the group. The advantages of using the prototype are expected to be increased
awareness within group possibly leading to positive effects on group performance. The prototype
also enables the group members to more efficiently and succesfully customize their interactions
with others based on the data perceived through the use of the system.
Our objective has been to build an appliction that supports different types of group awareness
ranging from workspace awareness, group-structural awareness, informal awareness, social
awareness and emotional awareness. The application supports these types of group awareness by
offering tools for communication, sharing and updating presence information and emotional
states within a group of workers. The application offers advanced visualizations of the group´s
current status relative to the individual observing the other group members. The visualizations
enable the user to determine the tasks, locations, emotional states and the communication
structures of the group. There are two main systems making the application functional. First, there
is an emotional awareness tool which enables users to input and share their emotional
information. Users can visualize and compare their own emotional states with those of others and
rank the other group members relative to the similarity of their emotional states to the user. The
second system is a SNA (social network analysis system) which offers several indexes that can be
calculated based on the group´s communication.
We are using several SNA indexes in our applications. Group level indexes are level of co-
operation (describes the collaboration level of the group) and communication hierarchy (is the
group top-down or bottom-up in terms of communication structures). Individual level indexes are
my influence power (how central the user is in the group), my popularity (how popular a
communication partner the user is), my reciprocity (how much the user is mutually contacted
when the user contacts others), and my participation (how actively does the user participate in the
activities of the group).
The desktop application works through an Outlook plug-in with Microsoft Outlook 2003 (and
Outlook 2007 to a limited degree) and provides augmentation to the mail client on the basis of
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emails sent within the application. Additionally, Internet Explorer 7 or Mozilla Firefox 2.x is
required for the Outlook tab to work properly.  The Outlook plug-in collects data about e-mail
traffic between trial group members and sends it to the application server. The collected data are:
sender, recipient, time and date.  It should be noted that no information on the content of e-mails
is collected. Figure 1 depicts our desktop application user interface.
Figure 1. Desktop application interface in Outlook.
The data collected by our server is used in calculation of the chosen indexes. These indexes are
visualized both in the Outlook plug-in and in mobile application. The indexes are calculated from
pooled e-mail and chat messages.
The mobile application client is based on Flash and Python technologies. The Flash part of the
application is basically for handling vector graphics and showing results that come from the
server. Python handles the hardware devices like Bluetooth, GPS, and camera. We used Py60 for
the Symbian platform and PyCE for WM.  The Flash/Python application is able to run in many
platforms such as Symbian phones (S60 2nd 3rd editions), WM, desktops (Linux/Windows/Mac
OSX) and PocketPC.
The mobile application server is based on Python/PHP. The main computations for social
network analysis (SNA) indexes are done by the PSE, a special software that analyses and
generates the social indexes discussed earlier. The interaction with PSE happens through a special
protocol - SOAP - and the SOAP client is PHP based. Python manages GPS data, in particular it
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resolves user self reported addresses and converts them to geographical coordinates (Latitude and
Longitude) which are shown on mobile and desktops using for instance Google Maps. Figure 2
describes the mobile application user interface.
Figure 2. Different views of the mobile application.  A) The orbit view. B) Main menu. C) List view.
D) Details pop-up window for a single user data. E) Details pop-up window with the actions menu
opened. F) My details view for inputting availability information etc. G) Chat view.
The paper presents the mobile and desktop applications and discusses their influences on
facilitating different types of group awareness. The application is currently ongoing testing with
users and data is being collected.
The contribution of the paper is the demonstration of the applicability of new types of tools
(system, applications, interfaces) supporting group awareness in working groups both in desktop
and mobile situations. In the presentation we will discuss the different ways the prototype will
enable the members of the group using the system to customize, plan and fine-tune their
interactions with others in the group based on the available data on any given moment or over
time.
B - MainA - Orbit C - List
E - Details pop-upD - Details pop-up F - My Details
G - Chat
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Abstract
This paper discusses a specific customization technology – Psychological Customization - which
enables the customization of information presented on a computer-based system in real-time and its
application to manipulating emotions when playing computer games. The possibilities of customizing
different elements of games to manipulate emotions are presented and a definition of emotionally
adaptive games is given. A psychophysiologically adaptive game is discussed as an example of
emotionally adapted games.
Keywords: Customization, adaptive systems, psychological effects, emotion, games, emotionally
adapted games, psychophysiological measurement, Psychological Customization
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1. Introduction
Emotions or emotion-related variables (e.g., competitiveness) play a critical role in gaming behavior
(Grodal, 2000; Vorderer et al, 2003). People seek, and are eager to pay for, games that elicit positive
emotional experiences and enjoyment; however, an enjoyable game may not elicit only positive
emotions but possibly also negative ones (e.g., anger, fear). Thus, one of the major goals for video
game designers is to elicit optimal emotional responses or response patterns.
It is possible to build systems which either automatically or semi-automatically adapt games to create
optimal emotional responses and response patterns. Such customization systems entail the manipulation
of the game per player to elicit specific emotional responses or to create desired response patterns. We
propose a system called Psychological Customization to be used in the adaptation of games for
manipulating emotional states of players.
Psychological Customization entails the customization of transient (i.e. short-term) user experiences
(i.e. psychological effects) when interacting with media- and communication technologies. Experience-
based customization entails the automatic or semi-automatic adaptation of information per user, task
and context in an intelligent way with information technology. A subset of Psychological
Customization is to vary the form of information (modality for instance) per user profile, task and
context, which may systematically manipulate (approach, avoid, modify intensity, frequency and
duration, create combinations, create links to behavior) different psychological effects. Psychological
effects can be considered transient states, such as emotion, mood, types of cognition, learning, flow,
presence, involvement and enjoyment. (e.g. Saari et al, submitted)
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Different psychological states can be present in consciousness simultaneously, creating different types
of combinations and interactions of experiences (e.g. positive emotion and efficient information
processing, joy and anger). The interactions of experiences can also be sequential, as previous
experiences (e.g. emotional state) can prime and influence following experiences (e.g. cognition, other
emotions). Customizing experiences may also influence behavior as some psychological states carry
rather direct motivational and action tendencies (e.g. emotion and behavior). (Saari et al, submitted)
Psychological Customization works on the principle of target experiences which can be set by using the
system either by providers of a service or by users. Target experiences are different types of transient
psychological states that have varying durations, frequencies, intensities, combinations, and
motivational and action tendencies as well as a linked stimulus class which facilitates a particular state.
The system is set up to either approach or avoid a certain target experience within the other parameters
of customization such as altering the intensity, duration or frequency of a certain effect or creating
simultaneous combinations or links to probable behavior of different target experiences. (Saari et al,
submitted)
Psychological Customization can infer customer needs via user models and various feedback loops
observing customer behavior and responses. Psychological Customization also provides different
adaptations of presenting information to different customers based on the customer interacting with the
configuration settings of the product or service.
The basic functioning of the system is based on a classic control theory model, the biocybernetic loop.
It defines two kinds of control loops in complex and adaptive systems that can be established: negative
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(avoid an undesirable standard) and positive (approach a desirable standard) loops of feedback (e.g.
Pope et al, 1995; Wiener, 1948). Target experiences are then controlled by this type of reasoning in the
system based on real-time feedback from user responses and/or based on ready-made design-rule
databases.
Psychological Customization can be used in various application areas such as Augmentation Systems
(augmented and contextualized financial news), Notification Systems (alerts that mobilize a suitable
amount of attention per task or context of use), Affective Computing (emotionally adapted games),
Collaborative Filtering (group-focused information presentation), Persuasive Technology (advertising
for persuasion, e-commerce persuasion), Computer Mediated Social Interaction Systems (collaborative
work, social content creation templates), Context sensitive computing (adaptation of information per
context and situation), and Messaging Systems (emotionally adapted mobile multimedia messaging and
email). (e.g. Saari and Turpeinen, 2004)
2. Emotion and Mood
Although various definitions of emotions have been proposed, the most general definition is that
emotions are biologically based action dispositions that have an important role in the determination of
behavior (e.g., Lang, 1995). It is generally agreed that emotions comprise three components: subjective
experience (e.g., feeling joyous), expressive behavior (e.g., smiling), and physiological activation (e.g.,
sympathetic arousal; Scherer, 1993).
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Motivational state or action tendency and cognitive processing have also been regarded as important
constituents or determinants of emotions. According to the motivational model of emotional
organization, the different forms of emotional expression are driven by two separate but interactive
motivational systems: (a) the behavioral inhibition system (BIS; or aversive system), prototypically
expressed by behavioral escape, avoidance, and withdrawal and (b) the behavioral activation system
(BAS; or appetitive system), prototypically expressed by behavioral approach and activation (Gray,
1991; Lang, 1995). The BIS and BAS underlie the experience of negative emotions and positive
emotions, respectively (Gray, 1991), negative emotions including behavioral components of
withdrawal and positive emotions a tendency to approach the source of the stimulus (Frijda, 1994).
There are two main competing views of emotions. Proponents of the basic distinct emotions argue that
emotions, such as anger, fear, sadness, happiness, disgust, and surprise, are present from birth, have
distinct adaptive value, and differ in important aspects, such as appraisal, antecedent events, behavioral
response, physiology, etc. (e.g., Ekman, 1992). In contrast, according to a dimensional theory of
emotion, emotions are fundamentally similar in most respects, differing only in terms of one or more
dimensions. Proponents of the dimensional view have suggested that all emotions can be located in a
two-dimensional space, as coordinates of valence and arousal (or bodily activation; e.g., Lang, 1995;
Larsen & Diener, 1992). The valence dimension reflects the degree to which an affective experience is
negative (unpleasant) or positive (pleasant). The arousal dimension indicates the level of activation
associated with the emotional experience, and ranges from very excited or energized at one extreme to
very calm or sleepy at the other.
Other theorists have, however, suggested that the two main, orthogonal dimensions of emotional
experience are negative activation (NA) and positive activation (PA) that represent a 45° rotation of the
Submitted to 5th World Conference on Mass Customization & Personalization MCPC2009
valence and arousal axes (Watson & Tellegen, 1985; Watson et al, 1999). The NA axis extends from
highly arousing negative emotion (e.g., fear) on one end to low-arousal positive emotion (e.g., pleasant
relaxation) on the other, while the PA axis extends from highly arousing positive emotion (e.g., joy) to
low-arousal negative emotion (e.g., depressed affect). The self-report NA and PA dimensions have
been suggested to represent the subjective components of the BIS and BAS, respectively (e.g., Watson
et al., 1999; see also Gray, 1991).
We adopt the latter definition of emotion. On the NA axis we call the high arousal negative emotion
anxiety and stress while the low arousal emotion can be termed as pleasant relaxation. On the PA axis
we see the high arousal emotion as joy and the low arousal emotion as depression.
We further differentiate between three types of categories of affective responses, as emotions, moods
and sentiments (see Brave and Nass, 2003). Emotions are reactions to events, typically short-lived and
directed at a specific target object. They carry specific motivational action tendencies such as the need
to “fight or flee”. Moods last longer and act as lenses or filters through which events and objects are
appraised. They carry more vague motivational action tendencies. (Brave and Nass, 2003)
Moods are low intensity, diffuse feeling states, that usually do not have a clear antecedent (Forgas,
1992), and can be characterized as relatively unstable short-term intra-individual changes (Tellegen,
1985). As described by Lazarus (1991), a mood “is a transient reaction to specific encounters with the
environment, one that comes and goes depending on particular conditions” (p. 47). Sentiments are
more persistent, if not permanent attitudes of people they hold towards a certain class of objects (Brave
and Nass, 2003). Emotions, moods and sentiments share similar attributes though and can be placed in
the valence-arousal space according to the dimensional model of emotion.
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Emotions are very dynamic as they are transient responses to various stimuli. The time dynamics of
emotion mean that emotions can constantly change with certain decay times and that there may be
several different emotions in the consciousness at any given time if the amount of stimuli is high. This
means that the measurement of emotion would best be based on a continuous, real-time measurement,
such as psychophysiological methods.
Moods, on the other hand are combinatory indexes of several emotions that last longer (minutes to tens
of minutes or even hours). Moods are more stable than emotions and are not dependent on continuously
changing psychological “micro-stimuli” processed by the user. Mood may then be a more fruitful
concept than emotion in guiding the research in real-life settings. However, depending on the case both
can be used to describe, capture and conceptualize the content of an emotional experience.
In our studies we have successfully used both psychophysiological measurements and self-report to
index emotional processes, also when playing computer games. In computer games, there is a dynamic
flow of events and action, games potentially eliciting a multitude of different emotions varying across
time. A serious limitation of prior game studies is that they have used tonic, rather than phasic,
psychophysiological measures. Tonic measures (e.g., the mean physiological value during the game
minus pre-game baseline) do not enable the examination of the varying emotions elicited by different
instantaneous game events. Given that psychophysiological measurements can be performed
continuously with a high temporal resolution, it is possible to quantify phasic responses to
instantaneous game events (e.g., by comparing the local pre-event baseline to physiological activity
immediately following event onset). (Ravaja et al, 2005)
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It is then evident that psychophysiological measurement of emotional states when playing a computer
game is both feasible and fruitful in providing an account of some aspects of the moment-to-moment
experience of the user. Naturally, psychophysiology could be extended to function as a feedback loop
into the gaming engine making real-time adaptation of the game relative to the emotional state or mood
of the user a possibility.
3. Emotionally Adapted Games
Emotionally adapted games are one promising application area of Psychological Customization. We
aim to sketch an approach to automatically adapt the game based on the principles of Psychological
Customization and preset experiential targets. Hence, game developers would not craft the storylines or
gaming events by hand for a specific emotional target experience. Rather, the game AI engine would
use a set of design rules to establish modifications of gaming structures with existing elements of the
game that would fill the target experience and its parameters. In terms of economics of game
development there would not necessarily be a dramatic expense in integrating our system into the
process of game design beyond the initial investment into our system and its integration with existing
gaming engines and platforms.
There are several applications one can think of in the single-player game market for our system. It is
feasible to think that at least driving games, first person shooters, action-adventure games and level-
playing games could benefit from the use of a Psychological Customization system. In multiplayer
games our system would also be valuable in several ways but we focus only on single player games
within this article.
Submitted to 5th World Conference on Mass Customization & Personalization MCPC2009
Emotionally adapted gaming can be seen as based on gaming templates which are parts of the meta-
narrative of the game. Hence, a basic approach to an element to be adapted inside a game is a
psychologically validated template which creates a particular psychological effect. A broad view of
templates may be that the whole game consists of a database of psychologically validated templates
that are dynamically presented by the gaming engine in sequences during gameplay. A limited view
entails that a smaller collection of templates is used. The element of psychological evaluation means
that the selected psychological influence (such an emotional response) of the template on a particular
type of user is sufficiently predictable. These psychologically evaluated templates may consist of i)
manipulating the substance of a game, such as story line (initiating events, new characters etc.) and
manipulating the situations specifically related to the character of the player (such as putting the
character into sudden and dangerous situations inside the game) and ii) manipulating the form or way
of presentation of the game (such as visual elements, shapes, colors, types of objects, sound effects,
background music, level of interactivity and feedback etc.). The difficulty level of the game may also
be continuously automatically be adjusted, thereby keeping the skills and challenges in balance. (Saari
et al, 2005)
The possibilities for manipulating the form of the game inside a gaming episode or a meta-narrative are
presented in Table 1.
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Layer of Technology Emotionally Adapted Gaming Templates
1. Physical -Mobile device: user changeable covers in colors and shapes that facilitate desired emotion
-PC, console, display, peripherals: colors and shapes that facilitate desired emotions
2. Software (logical) -The user interface elements (color, forms, shapes, directions of navigation buttons etc.)
may be varied in real-time per user to create various emotions and ease of perceptual
processing
-Emotion visualization, i.e. making player’s emotional state transparent for example
through the avatar, which can usable for example in social online gaming.
-Audio channel may be used to create emotional effects (using audio input/output sound,
varying pitch, tone, background music, audio effects etc.)
-Interaction modalities may be adapted to suit the nature of the task
3. Content
A. Substance
-The genre of the game or type of game should be taken into account (first person shooter,
simulation game, level playing game, other)
-Emotionally engaging story lines and episodes and events may be used to facilitate certain
emotions
-The role of the user in the story can be varied to create emotional reactions
-Adding subliminal extra content to create desired emotions while playing
B. Form
Modality
-Modality may be matched to cognitive style or pre-existing mood of the receiver to create
ease of processing
-Background music, audio effects or ringing tones may be used as a separate modality to
facilitate desired emotions and moods
Visual presentation -Emotionally evaluated and positioned layout designs and templates for (colors, shapes and
textures) may be utilized per type of user segment
Structure
-linear/non-linear
-Using emotionally evaluated and positioned narrative templates and gaming episode
structures for creating emotionally engaging story structures and varying sub-elements of
the narrative and form within the template to create different emotional emphasis of the
events unfolding (related to substance of content)
-Game-world mechanics, such as gravitation and lighting, can be adapted, also in real-time
-Using different temporal resolutions, such as fast or slow pace of events that may
influence arousal
Table 1. Technological possibilities of Psychological Customization in emotionally adapted
gaming. Adapted and modified from Saari et al, 2005
Why and when then to manipulate emotion in gaming on the basis of avoiding or approaching a
specific emotional state? First, there are the transient basic emotional effects of games that are
dependent of the phase of the game or some specific events. These are emotions such as happiness,
satisfaction, sadness, dissatisfaction, anger, aggression, fear and anxiousness. These emotions are the
basis of narrative experiences, i.e. being afraid of the enemy in a shooting game, feeling aggression and
wishing to destroy the enemy and feeling satisfaction, even happiness, when the enemy has been
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destroyed. Emotional regulation systems in these instances most naturally may focus on manipulating
the event structures, such as characters, their roles, events that take place and other features of the
narrative gaming experience. (Saari et al, 2005)
Second, there are possibilities for emotional management, especially in the case of managing arousal,
alertness and excitation. Also, one may wish to manage negative emotions, such as sadness,
dissatisfaction, disappointment, anger, aggression, fear and anxiousness. The case for managing these
emotions is twofold. On the one hand, one may see that these emotions could be eliminated altogether
in the gaming experience. This can happen via either eliminating, if possible, the emergence of such an
emotion in the game. For example, one can make a deliberately happy game with level-playing
monkeys in a far away island throwing barrels at obstacles and gathering points. This would include
minimum negative emotions. Or, in a game where negative emotion is a basic part of the game, one
may wish to limit the intensity, duration or frequency of the emotions via manipulating gaming events
and gaming elements so that sadness or fear are at their minimum levels, or that gaming events do not
lead to sadness at all. (Saari et al, 2005)
Similarly, managing level of arousal or the intensity, duration and frequency of select negative
emotions may be quite feasible in the case of children as a form of parental control. On the other hand,
one may wish to maximize arousal, alertness and excitation, perhaps even anger, fear and aggression
for hardcore gamers.
Third, there are possibilities related to the avoidance of certain types of emotions that are typically
indicative of a poor gaming experience. Inactivity, idleness, passivity, tiredness, boredom, dullness,
helplessness as well as a totally neutral experience may be indicating that there is some fundamental
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problem in the user-game interaction. This could be due to poor gaming skills of the user vs. the
difficult challenges of the game or some other factors, such as the user is stuck in an adventure game
for too long and can not proceed without finding a magic key to enter the next level or so. When a
gaming engine detects these emotions in the user, it may adapt its behavior to offer the user more
choices of selecting the difficulty level of the game or offer the user some clues as to how to go
forward in the game. The game can also adapt its level of difficulty to the player’s skill level. (e.g.
Saari et al, 2005)
Fourth, it is also possible to create different combinations of emotional states (satisfied and angry) or
emotional states and other psychological states (pleasant relaxation and efficient information
processing) or emotional states and behavior (using specific motivational and action tendencies). (Saari
et al, submitted)
All of these possibilities may be relevant. However, the elimination or minimization of certain
emotions may be specifically feasible in the case of indicated overly poor gaming experience in which
the game may adapt its behavior to assist the user. It should be noted that events in games may change
quickly and produce complex situations and hence complex emotions that may change rapidly.
Consequently, one should better integrate these approaches into the genre or type of the game, such as
driving simulator, first person shooter, sports game such as golf, or an adventure game, or a level-
playing game for children. (Saari et al, 2005)
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Low arousal Neutral arousal High arousal
Positive
Valence
Pleasant relaxation, calmness
+Useful in relaxation and
concentration games with peaceful
atmosphere
+Short break in an adventure game,
after having achieved a goal, a
“break to breathe” and experience
some reward
-Little use in aggressive games, could
then perhaps be avoided in such
games
Happiness, satisfaction
+When reaching a goal in a
game this is elementary and
can be motivating to play the
game further
-Perhaps not feasible to avoid
altogether
Energetic, peppy, joyfulness,
enthusiasm
+Important in many games ,
related to success in the game or
one’s gaming skills, a motivating
factor to play further
+Can indicate a successful gaming
session
-Perhaps not feasible to avoid
altogether
Neutral
valence
Inactivity, idleness, passivity
+Perhaps not feasible to set as an
approachable state, unless the goal of
the game is too passivate the person
-Perhaps should be avoided in most
games
Neutral experience
+Not very feasible to approach
-Perhaps feasible to avoid this
state as it may indicate
disinterest in the game
Arousal, alertness, excitation
+In many games the gaming
challenge and events could lead to
this state
+One could also maximize arousal
in driving games, adventures or
violent games if one wishes
+Arousal management could be
feasible without taking into
account the valence dimension
Negative
valence
Tiredness, boredom, dullness,
helplessness, depression
+Perhaps not feasible to set as an
approachable state
-Perhaps should be avoided in most
games as these may be indicators of
poor gaming skills vs. the challenge
of the game, a boring game or some
other fundamentally distracting
factors to the gaming experience
Sadness, dissatisfaction,
disappointment
+These are basic elements of
experience in many games, for
instance, when not succeeding
to reach a goal
-May also indicate poor
gaming skills and hence could
be avoided
Anger, aggression, fear,
anxiousness, stress
+In many games this state is a
basic element of experience in the
game
+One could also maximize
aggression in a game
-Totally avoiding or controlling
aggression in a game, for instance
for children or those wishing to
have a less aggressive gaming
experience
Table 2. A dimensional approach to emotionally adapted gaming. Adapted and modified from
Saari et al, 2005.
In Table 2 the three first possibilities of emotional adaptation in games are summarized.  The fourth
possibility of combinations of different states and behavior is left out to reduce complexity. The
possibilities are listed per cell. A plus indicates possibilities to approach a given emotional state
whereas a minus indicates possibilities to avoid or eliminate a given emotional state from the game
play experience. Of course, Table 2 and the possibilities are relative to a game genre, game play task,
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circumstance or situation within a given game. The table should then be taken as a generic example of
the possibilities of adapting emotions within game play at the more general level.
A brief example of meaningful emotional adaptations can be thought of when playing a driving
simulator game. The game is set to be arousing and exciting for the player. If the Psychological
Customization system detects inactivity or boredom it may choose to investigate whether this is due to
an overly easy or overly difficult situation for the player based on previous patterns of game play of the
user. Once this is completed the game AI can adopt accordingly, for instance making the game more
challenging by adding obstacles to the driving course or by reducing traction of the tires or by changing
the background music or visuals of the game to be more arousing and exciting. This would result in
increased arousal of the player which would be verified by the Psychological Customization system.
In an adventure fantasy game one can think of an emotionally more complex situation where the player
is detected to be angry and anxious even though the game does not explicitly facilitate these states in
the situation the player is in. The game AI, with the help of a Psychological Customization system,
could adopt a next scenario of the task of the player, whose character is a knight, to lessen this stage of
anxiousness within the framework story of the game. The knight is approached by another character
who asks for his help in defending a village nearby from dragons. The game could alter the character
asking the favor to be a small child instead of an adult warrior, leading to more compassion towards the
character’s needs. The whole scenario of the knight defending the village could be made just a little bit
less challenging that it could be (but not to the point of being overly easy and boring). Then it would be
a little easier for the knight (e.g. player’s character) to save the village. The game AI could also add a
scene where, after having defeated the dragons successfully, the knight is surrounded by many families
with children from the village who all want to thank the knight for saving them. The player would then
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experience compassion for the villagers, a moderate level of arousal when fighting off the dragons and
a joy after having defeated the dragons added by satisfaction or happiness when receiving thanks from
the villagers. These experiences could counter the initial angry and anxious states of the user.
Naturally, our examples are limited but they offer a brief peek into what kind of adaptations are
possible using existing game engines with a Psychological Customization system for emotional
adaptation purposes. In both examples the game AI and our system are trying to manage a certain fine
balance between what they reason (based on preprogrammed data on target experiences and user
profiles and different algorithms) are optimal psychological states relative to the task of the user.
Several components of the game can be adopted to manage target experiences in meaningful ways and
the Psychological Customization system can also create emergent design-rules for such management
tactics for the game AI based on the feedback loops constantly enriching the player’s user profile.
4. System Design for Emotionally Adapted Games
We will now present a basic system schematic of an emotionally adapted game in Figure 1. The
process of a typical gaming engine is depicted on the left-hand side of the diagram. The engine
continuously monitors user input, which is typically collected using a keyboard, a joystick, or other
game controllers. This input data is then processed and transferred to the layer that handles the game’s
internal logical state, and the user input may influence the game state. After the logical state of the
game is defined the system alters the actions of the synthetic agents in the game world. For example,
these include the actions of computer-controlled non-player characters. The complexity of this AI layer
varies greatly depending on the game. Based on the game state and the determined actions of the
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synthetic agents, the physics engine determines the kinetic movements of different objects within the
world. Finally, the game world is synthesized for the player by rendering the graphical elements and
producing and controlling the audio elements within the game. (see Saari et al, 2005)
The proposed emotional regulation can be implemented as a middleware system that runs parallel to
the actual game engine. The input processing layer of the game engine can receive a data flow of
captured and pre-processed sensor data. The real-time signal processing may consist of different forms
of amplifying, filtering and feature selection on the psychophysiological signals. This data flow may
directly influence the state of the game world, or it can be used by the emotional regulation sub-module
of the emotion feedback engine. This module consists of the rules of emotional balancing for different
player profile types and gamer-related explicitly set preferences controlled by the “emotion knob”. In
addition, it contains a collection of design rules for narrative constructions and game object
presentation within the game world. The emotional regulation module also receives input from the
game engine’s logical layer to make selections related to desired emotional balance and narrative
structures within the game. (Saari et al, 2005)
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Emotion feedback
middleware engine
Main game engine
Input processing layer
processing player’s input data
flows in real-time
Artificial Intelligence layer
determining how synthetic
agents act in the world
Kinetics layer
enforcing the world’s physics
laws on game objects
Synthesizing layer
rendering displayed images
and producing game audio
Game logic layer
determining the state of the
game world
Data acquisition
collecting and pre-processing
biofeedback sensor data
Narrative rules
story-based design rules
to control the game content
Emotion knob
player-set content preferences
Presentation rules
database of presentation rules
for different game objects
Emotional regulation
balancing emotions in the game
for different player profile types
Figure 1. Emotional adaptation system design for games. Adapted from Saari et al, 2005.
The outputs of emotional regulation engine may then be applied to various different levels of the
actions of the game engine: i) the logical state of the world may be re-directed, ii) the actions of the
synthetic agents may be controlled, iii) the kinetics of the game may be altered and iv) the rendering of
the game world may be changed. First two options are more relevant to high-level and story-related
structures of the game, whereas the last two are more directly related to the selection of presentation of
objects within the virtual environment. (e.g. Saari et al, 2005)
With our system design for games it is possible for the game designer as well for the user to set desired
emotional targets to be approached or avoided. The system uses both positive and negative feedback
loops to determine the ideal adaptations case-by-case for game play for various emotional effects to be
realized and managed.
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5. Example: Psychophysiologically Adaptive First-Person Shooter Game
We are now able to explicitly define an emotionally adaptive game after our elaborations. An
emotionally adaptive game is a game built based on a Psychological Customization system. Such a
game includes a set of target experiences, such as emotional states or moods, as well as other relevant
psychological states (e.g. learning, flow, presence), set by the designer of the game to be realized with
select gaming templates consisting of for instance various events, circumstances, storylines, characters
and objects relative to the user profile of the player. Target emotional and other psychological states
can also be set by the player by using specially made emotion-control knobs that enable the
manipulation of types, intensities, frequencies, durations, combinations and other relevant parameters
of emotional and other psychological states the player wishes to emphasize during a game play session.
(Saari et al, submitted)
An emotionally adaptive game tracks the user’s emotional and other relevant psychological responses
(or the realization of the parameters of set psychological states) with different methods of
measurement, such as psychophysiological signals and gaming behavior modeling (joystick
movements, type of game play, amount of use of controls, amount of movement, performance, for
example). The game is emotionally adaptive in the sense that it aims to realize previously set emotional
state targets and their parameters with maximum probability. The emotional state targets can be
realized with both negative (avoid a certain emotional state) and positive (approach a certain emotional
state) feedback loops, or by using other methods of optimization. (Saari et al, submitted)
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The adaptations in the game may take place at all three levels of media- and communication technology
and their subcomponents: hardware layer, software/logical layer (user interface, way of interaction) and
the information layer (substance of information, form of information: modality, visual layout,
structure). An adaptation is a (meaningful) change in the state of the game which acts as a trigger or
stimuli for an emotional response from the player. Preset rules of what type of object or event likely
causes a certain emotional state in a certain user can also emerge from the use of the system. These
emergent design-rules can be based on machine learning techniques that mine the user’s behavior in the
game and find patterns that are emotionally significant as evident from the psychophysiological or
other signals of the user. Such emergent design-rules can be input back into the system as new classes
of potential stimuli to elicit emotional responses to be explicitly selected by the user for manipulation
with a control-knob. Emergent design-rules can also function as important information of game design
success and give ideas for new directions of design to the designers of the game in the case that the
company behind the game could access a user’s profile and game log. An emotionally adaptive game
evolves over time as it learns more from the player and is able to provide more challenging, varied and
rich game play experiences over longer periods of time than a traditional computer game. (Saari et al,
submitted)
An emotionally adaptive game can also be a psychophysiologically adaptive game that merely
responds to a real-time psychophysiological signal to influence game play. (Saari et al, submitted)
Indeed, to implement and evaluate some of the ideas presented, we have explored novel technical
solutions and tested different kinds of psychophysiological adaptations that can be implemented.
EMOShooter is a prototype platform for psychophysiologically adaptive 3D first-person shooter (FPS)
gaming. It is built on top of open-source graphics engine (OGRE 3D) and physics engine (ODE). In
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this experimental platform we have the possibility to modify practically any game world element,
player avatar, avatar outlook, or control parameter.
EMOShooter is a simple psychophysiologically adaptive game and hence a part of our emotionally
adapted games definition. The system uses psychophysiological signals to influence the ease of use of
the controls of the game hence affecting game play difficulty and game play experience. The system
does not have target experiences systematically implemented at this moment nor does it have an
emotion knob to tune the system. However, the EMOShooter game is a valuable example of one type
of emotionally adapted games in demonstrating one feasible link between real-time emotional state
measurement with psychophysiology and the game play.
Figure 2. EMOShooter game play in action.
The goal of the EMOShooter game is to kill cube-like enemies either with sniper or machine gun. We
have been testing various adaptation patterns with EMOShooter by primarily EDA and respiration as
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psychophysiological signals in our adaptive feedback system regards how these signals can be
meaningfully connected to the actual game play via adapting game controls.
Adaptation of game controls includes changes in rate of fire, recoil, movement speed and shaking. If a
player is aroused this will be reflected in EDA and respiration signals which in turn will make rate of
fire and movement slower and will make the aim shaky. Hence, for a highly aroused player the game
becomes more difficult. For a mildly aroused or calm player the controls become more efficient and
easy to use hence facilitating performance at game play. Game events are mostly arousing. The amount
of cubes to shoot, their approach and firing on the user, the amount of health left after being hit and the
sound effects all are geared to drive up arousal in the game. The player’s task is to be calm as indexed
by psychophysiological signals to be able to operate the controls more efficiently.
In our tests of the game we have collected also EMG data to infer the valence dimension of emotion
during game play. In addition to the psychophysiological signals we have collected data from the
players using behavioral game logging, video capture, interviews and questionnaires. During our tests
we noticed that proper calibration and base lining of the psychophysiological signals is very important
for the adaptations to work. We also noticed that having robust stimuli in the game is crucial for the
adaptations to work because in many cases the stimulus functioned as a trigger in adaptation. The
psychophysiological signals used are calibrated by using dynamic range (basically a variation of
dynamic signal normalization algorithm), which has a memory buffer of a few seconds (depending on
signal). Dynamic range is easy to use and effective calibration mechanism, and relative change seems
to be more practical than absolute values in this kind of gaming. Figure 2 depicts a user playing the
EMOShooter game wearing EMG, EDA and respiration sensors.
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According to our early analysis, there are three key issues in designing psychophysiologically adaptive
games i) understanding the meaningful emotionally adaptive gaming patterns, ii) implementation of
adaptation algorithms and signal processing, and iii) purposeful use of sensors in the game context
(Kuikkaniemi et al., 2008).
The design patterns used in emotionally adaptive gaming must be meaningful and enjoyable for the
player, and the utilization of signals must also obey the overall goal of the game. In order to achieve the
goal player should find the right rhythm or balance of playing the game and control of
psychophysiological responses and signals.
Signals should be analyzed as close to real-time as possible in psychophysiologically adaptive gaming
in order to keep the feedback loop in pace with the game adaptations and game events. We have used
time-series analysis with short sample windows. In practice, ECG, EEG and EMG always require
extensive data processing, but EDA and respiration can be almost used as such to create the adaptation
signal. This implies that not all psychophysiological signals are equally open to be used as real-time
inputs into an adaptive game at least in this stage of signal processing hardware and software
development.
Usability of psychophysiological recording devices remains quite poor. Respiration, HR [heart rate]
and EDA are probably the easiest to implement. Also in case of emotional adaptation the design of the
game may include the physical design of the sensors, e.g. “Detective hat” for EEG sensors or “Sniper-
gloves” for EDA sensors. Hence, the sensors could be designed as part of the game story rather than
presented as cumbersome and invasive laboratory-originated equipment.
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In future versions of EMOShooter we may also employ the system design of emotionally adapted
games including setting of explicit experiential targets and their parameters for gaming sessions and the
emotion control knob.
6. Discussion
Gaming, as we have presented it in this article, is perhaps one of the most promising application areas
of Psychological Customization. We see that both casual and hardcore gamers could benefit from the
use of our system and entirely new types of games can be created. Psychological Customization would
enable game designers to use our tools both when developing the game and testing it with users in a
rapid manner as well as part of the final product. From the user’s point of view, using various types of
control knobs of emotion or other experiences enables them to customize and have more control over
their gaming experiences.
Good games are composed of delicate synthesis of the components creating a pleasant game balance
and challenge for players. Introducing emotional adaptation increases the complexity of game design
tasks involved. However, regards the economics of game development our system would not induce a
dramatic cost. The system automatically establishes gaming patterns and structures which would fill a
target experience and its parameters. Our system could be a modular toolset that can be adapted to
various types of gaming platforms and gaming engines. The emotional tuning knob could be integrated
into existing game controls including sliders for level of graphic violence in the game, for instance. Of
course, development work is needed to create an easy-to-use game adaptation interface for users to set
their preferences for game play.
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There are several challenges for Psychological Customization systems in games. We see three main
areas which are critical: i) measurement of experience, ii) quality of reasoning in an adaptive system
and iii) acceptability by users.
The measurement of experience in the first place is a key challenge. However, we have presented an
approach to concentrate on those aspects of experience, such as emotion, which are perhaps better
defined than experiential states in general. Despite this focus, there is still disagreement in theorizing,
operationalizing and measuring emotions.
Another problem is the stimulus that produces a given emotional state. How to reliably capture these
responses in a way which could be generalized over similar, but not exactly the same stimuli? While
we have no final answers to these challenges, we have some solution paths to consider.
First, measurement of emotion and emotional responses to stimuli within a Psychological
Customization system when producing the initial Rules and scenarios database is of course important.
However, a Psychological Customization system is designed to evolve over time with feedback loops
enabling the building of emergent design-rules which can produce better hit-rates for the system for
psychological effects. In a way, if one envisions a Psychological Customization system a user has used
in several application areas over longer periods of time, there are likely “new” design rules which have
emerged and fine-tuned the systems capacity regarding that particular user or other users with a similar
user profile. In a way, with a solid enough starting point a Psychological Customization system could
over time produce a much better functioning system without the explicit need for a final theory of
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emotion. Naturally, to prove this case is an empiric question of real-life use of various applications
based on the Psychological Customization design principles.
Second, when producing these emergent design-rules with massive amounts of data from various
sensors and other sources such as psychophysiological data it may be possible to capture high-
resolution indexes of the responses of a user to set of stimuli by combining direct and indirect
measurement of experience and behavior from multiple angles. Hence, the amount of data, the
multiplicity of sources of data and the resolution of user tracking could ideally produce high-quality
design rules. Of course, they could also act as sources of noise. It is likely then that a massively
computational approach to user modeling, or modeling of the realization of psychological effects needs
some mediating medium-level concepts and constructs based on which the meaningful patterns of
responses could be mined from a continuous, multiple data streams tracking the user.
The quality of reasoning in an adaptive system is often a bottle-neck in performance. If a closed system
is produced with fixed design-rules it would inevitably encounter situations, stimuli and users which
would challenge the systems fixed rules and produce errors in adaptations. While there are several deep
and sophisticated technical and mathematical approaches to this problem including different ways of
machine learning and reasoning (which are beyond the scope of this article), we propose a higher-level
solution possibility. Again, our answer is to rely on the co-evolutionary potential of our system design
with changing user models and emergent design-rules. Of course, this approach needs working
algorithms and techniques to form the necessary metadata and other data structures to be processed by
the system.
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User acceptance of invasive psychophysiological measurement as input to the game is critical.
Hardcore gamers may be more suspect to accept new peripheral devices linking them to game than
gaming novices or casual gamers. However, the culture of connecting one’s body to a game is already
evolving. Think of Wii as an example with a controller tied to one’s wrist, constantly touching the skin.
It would not be unimaginable to think of psychophysiological sensors embedded in similar controls as
people are more used to “semi-invasive” gaming controls beyond the use of a mouse and keyboard.
The solution here could be to design sensors as embedded into essential existing or new types of
gaming peripherals. A driving wheel with EDA and ECG sensors or driving gloves with similar sensors
with added blood pressure, muscle tension and finger movement sensors could be used as easily
acceptable controls of a driving simulator, for example.
In our tests of the psychophysiologically adaptive game as a first prototype of emotionally adapted
games we have been able to produce meaningful gaming patterns and game adaptations. We argue that
our approach to emotionally adapted games is novel and creates new opportunities for designing
games. We feel that our approach may result in a new type of enabling technological platform focused
on the customization of gaming experiences. This new enabling technology platform can facilitate the
development new types of games but can also be used with existing types of games and gaming
platforms.
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Manufacturing needs more standards
when the customer will have less
An overview to scalable manufacturing IT architecture for
personalization and justification for manufacturing equipment control
standardization
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Abstract. One challenge of personalization in mass production is how can unique
products be built while the common belief is that quality is based on eliminating
variation. This paper presents one manufacturing IT architecture and some guidelines
used in the design. Target has been a design that provides good flexibility and
maintainability of production system yet provides easy configurability and high product
quality. The paper also presents a principle how the process control data can be grouped
together depending on the use of the information and highlights why the standardization
of manufacturing equipment control interface is a necessity for high-volume production.
Keywords. IT Architecture, Personalization, Customization, Standardization
1. Introduction
A mass-production manufacturing system is a network of people and equipment,
normally connected together with an IT system which delivers the necessary
intofrmation for execution of an order – the right imformation to the right place at
the right time. The use of the information depends on the technology used in
manufacturing process. Automated processes need the IT systems and in many
cases the actual cost of automation depends also on the automation design – which
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actually means the conversion of product design to machine-readable format. In
everyday language this can be referred to as programming a job to a machine or
creating a product structure into manufacturing execution (MES) system.
If we make variants or different versions of one product, the average production
order or batch size goes down and the relative cost (cost per product) to initialize
each production run is going up. In the factory floor term “flexibility” is used.
When we start to talk about personalization or building unique products, it is not
just the job initialization cost at the factory floor but also the flexibillty on the order
management side that we need to take into account. It is actually so that the job
definition work will in most cases either make or break the business case. To
minimize the cost, we need to automatize the order management and configuration
process; automation of the product design process is definitely the most difficult
one and not the topic of this presentation.
As such, automated manufacturing machinery is usually flexible; it doesn't take
very long time to change a job in a machine. It is the job definition side that needs
thinking and if we want to automate that side of the process, we need to be very
careful on the system design. We need to think about the job definition process,
eliminate unnecessary information and move those steps that need human
consideration away from inside the process.
2. Example architecture and product
In order to have a concrete example, let's think about an imaginary example case
where we design our manufacturing network. The system consists of multiple
products, which are assembled of several components. All design information is in
the IT system. Products are configured in a configuration system where the exact
desing of a manufacturing batch is done; this means the component versions are
chosen and customer-specific features defined.
In this example, we will design the system so that each product can be unique; that
is, order size can be one. On the other hand, it doesn’t have to be: we can reuse the
design later if we want to. Orders come in from customers, or there can be a sales
person or a product designer to operate the configurator: we are mainly interested
about the data that goes into system from configuration interface.
On the manufacturing side of the system, we can have several factories or factory
networks. We also need to design system so that we can keep the production
running constantly; we should be able to replace a machine in production, change
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equipment, even in case of subcontracted manufacturiong to be able to change
factories.
The product we use in this example is less important than it’s features, but in order
to have a tangible example let’s say we would be manufacturing typewriters. The
product has to have variants because of market area specific character sets. On
some models we will give the customer some personalization  possilibilities: the
font face can be changed into the keyboard caps; the customer can also have a
name and a personal picture printed on top of the cover.
3. Rules of system design on the input side
3.1 Filter and verify the correctness of customer input before approving
it
In the simplest form the customer can customize the product by selecting options
from a set of pre-defined choices. The choices can be checked beforehand.  It will
be more difficult case if the customer can use his own data, such as text or picture
for the personalization. We have to check the correctness of the data input and
define what the customer actually wants. There is always possibility of a mistake.
For example, in case of free text input, what kind of coding is used in
representation of letters on the customer’s computer? As an example, e-mail
systems still mess up the character coding quite often. Does your system know all
the characters used by your customers? Second question is the allocated space:
should the customer be able to adjust the size of the letters? Is the name too long
for the allocated space? You have to know how much space you have in the
product, so the validity of the data is defined by product design.
Pictures will be have additional challenges: besides format and space you may have
to scale the picture bigger or smaller or use less colors. The picture mmay look bad
because it is stretched, or it is of wrong shape, or it is impossible to reproduce an
important detail in the picture.
It is too late to notice input errors in production and sometimes there's no way to
define what the customer actually intended.
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3.2 Provide immediate feedback about the configuration before  the
order is made
Customer might delay or skip the purhcase decision if he/she doesn't know exactly
what he gets with his money. On the other hand, if he's not happy with the result
you will likely get your product back and loose the sales. One definition of quality
is that product matches the customer expectation. The best way to provide
confidence about the product features and later the feeling of quality is to provide
feedback or as accurate view about the final product as possible.
An analogy can be found from desktop publishing; 20 years ago, text processing
was done with text-based word processing programs. You really had to print a
sample of your document, especially if you had picture in there, since otherwise
there was no way to tell how your document would actually look like. Today, most
of us don't print drafts of our documents because you can trust on the preview
picture on your computer display.
This is now the standard level of behaviour what the customers expect and the
configurator should be able to produce an image of a configured product.
Technically the most likely solution is a set of images, or in case of free-form text
or image, an image generator. This again needs information about the product
design itsef.
The alternative is to produce samples; it might work for small volume production,
but not for individual products.
3.3 Abstract the manufacturing process from the customer
The customer doesn't have to know how your product is constructed (materials
etc.) especially if he's ordering first product. Even less should he care about the
manufacturing process and parameters. Therefore, one tool which collects all
necessary data, and nothing more, is the ideal solution.
Avoid process- and equipment-specific data, otherwise you have to modify your
whole data processing chain if you change production process or equipment.
4. Inside the IT system
The basic principle of the whole system described here is that it isn’t a black box
containing lots of intelligence; on the contrary it is just a system which is able to
store configuration information for each order, combine the elements in the
product structure and rearrange the structure so that necessary information is
delivered to the right place at the right time according to prodcution schedule.
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That’s really all, there’s no mystery inside the box – the mystery should be on the
input and output borders of the system.
5. Rules of system design on the output side and the
manufacturing process
5.1 Place customization process to main process flow - avoid
temporary material codes
In manufacturing you have to know which parts belong together. When a part
becomes customized, would you give a specific part code to it, even if it would be
one-of-a-kind? Having a lot of WIP (work-in-progress) is a mess in the real world
when you need a lot of storage area for intermediate materials. Lots of almost
similar parts contains an opportunity to error and obsolescence.
Actually the situation is the same in the virtual IT world: you need a lot of codes
and coding. You also have to match  the bookkeeping betweeen real world and IT
system – another source for possible error, over- or understock can cumulate over
the time.
Therefore, it will be easier if you don't plan to customize in the "branches" of your
manufacturing process; you will customize a specific unit with an order number or
serial number, not a component which has a temporary serial number.Think about
our typewriter example: if you customize keycaps you will have to have a code for
each keycap and because of special keyboard layouts you need hundreds of codes,
each having diffferent kind of production volume. If you would give the customer
the freedom to change font faces your code number space would multiply by the
number of possible typefaces. But if you produce blank keycaps, customize while
you build the machine (on the spot, before or after the assembly) you only need to
know the keymap code for that country and the font face identification. And you
need only 1 kind of material in the stock – blank keycap.
5.2 Production equipment control interface and grouping of information
Now we have come to the point where the manufacturing process will deliver all
necessary information. The information is a combination of parameters from all
sources - customer configuration, product design plus some information that is
specific to the process itself.
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The product design should define most of the parameters. These may be for
example location and style of a marking. The product design can also define things
like style of text when the customer provides the actual content.
The rest of the parameters depend on the process. Process paramets can be for
example location calibration in the marking fixture; power or other amount used in
marking etc. The problem is that there is very little standardization in place across
manufacturing equipment control. A wide variety of technologies is available for
production of text, pictures and graphics, and many of them are using their own
proprietary formats and tools for job definition. Also the standardization inside
technologies is missing;  the format is really proprietary and used only by a single
vendor. In most of the cases the equipment manufacturer or integrator has
designed the equipment to be a “turnkey solution” which contains everything
necessary – design tools and production environment. This leads to architecture
where machines are individual “islands” in the process and the integration to
environment is taken care of by a flexible element – the operator. For small-volume
and batch manufacturing it is not a problem, but for large volume production of
personalized products automated data flow is a must.
The contra-argument is that the devices are so different from the operating
principle point of view that they need their own files and tools. But is it really so?
If we think about personal printing technologies, we are using different kind of
technologies: laser, inkjet and dot matrix printers, pen plotters etc. The desktop
publisher doesn't have to know anything about the technology and still he/she can
print the same text with different kind of printing device; of course the image
quality depends on the printing machine and the material, but the same content is
used anyway for the printing - you use the same process for creating the job.
The solution comes in two parts: first of all, we have to have a supplier-
independent way of representing the data and parameters: standards shall be used
for text, graphics and other kind of content. All dimensons, power etc. values
should be generic and not in supplier-specific units.
Second part is that process-specific information is divided to the two main groups
where they belong: preferably the customer only specifies the content and not the
parameters, parameters specific to the material (such as usable area) and the
equipment, such as temperature, pressure or amount of ink you use should go to
the product structure. Last, only the equipment spefcific values (machine
calibration) should be linked to the process itself. This way a device from any
supplier can be used and it can be changed to new machine, even to another kind
of machine without having to rework the whole data processing chain, includin all
data already in the system.
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5.3 Process monitoring
As stated in the beginning, the best way to build good quality is to make it easier
for the customer to see how his product will look like. But you have to monitor
the production quality as well. And for the monitoring you need a reference - for
example, if you use a machine vision system, you need a reference image. If you
build a product which is one of a kind, how do you get the reference image? One
answer is that you use the very same image you use for the customer, so that you
create the virtual model of the end product on the fly.
6. Summary
The main principle throughout the desing is: keep it simple and keep it standard.
But the standards need to be created. It is a trade-off: Improve discipline on
system design and the customers will have more freedom. Pass the word please.
I would like to invite the mass customization equipment manufacturers, customers,
researchers and others interested in the topic to share thoughts and work on the
challenge of creating new standards for equipment control. A lot is already in place
for example in the graphical technology area (digital printing), but on some areas
the critical bits are still missing.
I have been working with the topic for a while now, trying to find out what is
available as of today from customer point of view. If you have ideas, you know
something I’m totally missing or you want to co-operate some other way, I'm open
for suggestions. It requires a team to make new standards and make them happen.
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